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CpG Reduced Prasmids and Virai Vectors 

This application is a continuation-in-part of application Serial No. 
09/392,462, filed September 9, 1999, which claims priority of Provisional 
Application No. 60/099,583, filed September 9, 1 998, the disclosures of both 
of which are incorporated herein by reference. 

Fig,PQFTH^ INVENTION 

The present invention relates to d method of reducing the toxicity of 
and Increasing the efficacy of gene delivery. Within the practice of the 
invention are plasmid vectors and viral vectors that are significantly less 
immunc^muiatory than the vectors used prior to this invention. The present 
Invention further relates to methods of modulating the immunostimulatory 
response to gene therapy, in particular, the reduction or elimination of 
Immunosb'mulatory responses such as inflammatory responses and reduction 
of stress on the liver. 

BACKGROUND OF THE INVENTION 

The effective introduction of foreign genes and otiier bioiogicaiiy active 
molecules into targeted mammalian cells Is a challenge still facing tiiose 
skilled in the art. Gene therapy requires successful transfection of target cells 
In a patient. Transfection, which is practically useful per se, may generally be 
defined as a process of introducing an expresable polynucleotide (for 
example a gene, cDNA, or an mRNA) into a cdi for sense or antisense 
expression. Successful expression of the encoding polynucleotide thus 
transfe<^ leads to production in the cells of a transcription and/or ti^nslation 
product and is also practically useful per se. A goal of this ti-ansfection and 
expression, of course, is to obtain expression sufficient to lead to connection of 
the disease state associated witii tiie abnormal gene. 

Examples of diseases that are targets of gene therapy include: 
inherited disorders such as c^c fibrosis, hemophilia, Gaucher's disease, 
Fabry's disease, and muscular dystrophy. Representative acquired target 
disorders are: (1) for cancers— multiple myeloma, leukemias, melanomas, 
ovarian carcinoma and small cell lung cancer; (2) for cardiovascular 
conditions— progressive heart Mure, restenosis, and hemophilias; and (3) for 
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neurologlcal conditions— traumatic brain Injury. 

Cystic fibrosis ("CF"), a common lethal genetic disorder, is a particular 
example of a disease that is a target for gene therapy. The disease is caused 
by the presence of one or more mutations in the gene that encodes a protein 
known as cystic fibrosis transmembrane conductance regulator ("CFTR"). 
Cystic fibrosis Is characterized by chronic sputum production, recurrent 
infections and lung destruction. Though It Is not precisely known how the 
mutation of the CFTR gene leads to the clinical manifestation (Welsh, M J. et 
al. Cell 73, 1251-1254 (1993)). defective CI' secretion and increased Na* 
absorption (Id; Quinton, P.M., FASEB Lett. 4, 2709-2717 (1990)) are well 
documented. Furthermore, these changes In ion transport produce alterations 
in fluid transport across surface and gland eplthella (Jiang, C. et al., Science 
262, 424-427 (1993); Jiang, C. et al., J. Physiol. (London). 501.3, 637-647 
(1997); Smith, J.J. et al. J. Clin. Invest, 91 , 1 148-1153 (1993); and Zhang, Y. 
et al., Am.J.Physiot 270. C1326-1335 (1996)). The resultant alterations In 
water and salt content of ainway liquid (ASL) may diminish the activity of 
bactericidal peptides secreted from the epithelial cells (Smith, J.J. et al., Cell, 
85, 229>-236 (1996)) and/or impair mucociliary clearance, thereby promoting 
recurrent lung infection and Inflammation. 

It Is widely expected that gene therapy will provide a long lasting and 
predictable form of therapy for certain disease states such as CF. However, 
there is still a need to develop improved methods that facilitate entry of 
functional genes into cells, and whose activity In this regard is sufflcient to 
provide for in vivo delivery of genes or other such biologically active 
molecules. 

Effective introduction of nnany types of biologically active molecules 
into cells has been difRcult and not all tiie methods that have been developed 
are able to effectuate efficient delivery of adequate amounts of the desired 
molecules into the targeted cells. The complex structure, behavior, and 
environment presented by intact tissue that is targeted for intracellular delivery 
of biologically active molecules often interfere substantially with such delivery. 
Numerous methods and delivery vehides induding viral vectors, ONA 
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encapsulated in liposomes, lipid delivery vehicles, and naked DNA have been 
employed to effectuate the delivery of DNA and other expressible 
polynucletides into the cells of mammals. To date, delivery of DNA and other 
expressible polynucletides in vitro, ex vivo, and in vivo has been 
demonstrated using many of the aforementioned methods. 

Viral transfection, for example, has proven to be relatively efficient. 
However, the host immune response poses possible problems. Specifically, 
viral proteins activate cytotoxicity T lymphocytes (CTLs) which destroy the 
virus-infected cells thereby terminating gene expression in the lungs of /n vivo 
models examined. Another problem is diminished gene transfer upon 
repeated administration of viral vectors due to the development of antiviral 
neutralizing antibodies. These problems are presently being addressed by 
modifying tx)th the vectors and the host immune system. AdditicMialiy, non- 
viral and non-proteinaceous vectors have been increasingly used as 
altematlve approaches. 

Because compounds designed to facilitate intracellular delivery of 
biologically active molecules must interact with both non-polar and polar 
environments (in or on, for example, the plasma membrane, tissue fluids, 
compartments within the cell, and the biologically active molecule itself), such 
compounds are designed typically to contain both polar and non-polar 
domains. Compounds having both such domains may be termed 
amphiphiles, and many lipids and synthetic lipids that have been disclosed for 
use in facilitating such intracellular delivery (whether for in vitro or in vivo 
application) meet this definition. One group of amphiphilic compounds that 
have showed particular promise for efficient delivery of biologically acfive 
molecules are cationic amphiphiles. Cationic amphiphiles have polar groups 
that are capable of being positively charged at or around physiological pH, 
and this property is understood in the art to be important in defining how the 
amphiphiles interact with the many types of biologically active molecules. 
These molecules include, for example, negatively charged polynudeob'des 
such as DNA. 

Examples of cationic amphiphilic compounds that are stated to be 
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useful in the intracellular delivery of biologically active molecules are found, 
for example, in the following references, the disclosures of which are 
specifically incorporated by reference. Many of these references also contain 
useful discussions of the properties of catlonic amphiphiles that are 
understood in the art as making them suitable for such applications, and the 
nature of structures, as understood in the art, that are formed by complexing 
of such amphiphiles with therapeutic molecules intended for intracellular 
delivery. Feigner, et al., Pmc. Natl. Acad. Sci. USA, 84, 7413-7417 (1987) 
disclose use of positively-charged synthetic cationic lipids including N-11{2,3- 
dioIeyloxy)propyfJ-N,N,N-trimethylammonium chloride ("DOTMA"), to form 
lipid/DNA complexes suitable for transfections; See also Feigner et al.. The 
Journal of Biological Chemistry, 269(4), 2550-2561 (1994); Behr et al., Proc. 
Natl. Acad. Sci., USA 86, 6982-6986 (1989) disclose numerous amphiphiles 
including dioctadecylamldologlycylspenTjine ("DOGS"); U.S. Patent 5.283,185 
to Epand et al. describe additional classes and species of amphiphiles 
including Sp [N-(N\N^ - dimethylaminoethane)-carbamoyl] cholesterol, termed 
"DC-chol"; Additional compounds that facilitate transport of biologically active 
molecules into cells are disclosed in U.S. Patent No. 5,264,618 to Feigner et 
al. See also Feigner et af.. The Journal of Biological Chemistry 269(4), 2550- 
2561 (1994) for disclosure therein of fiirther compounds including "DMRIE" 
1 ,2-dimyristyloxypropyl-3-dlmethyl-hydroxyethyl ammonium bromide, which is 
discussed below; Reference to amphiphiles suitable for intracellular delivery 
of biologically active molecules is also found in U.S. Patent No. 6,334,761 to 
Gebeyehu et al., and in Feigner et al., Methods (Metfiods In Enzymology), 5, 
67-75 (1993); In vivo transfection of murine lungs with a functioning 
prokaryotic gene using a liposome vehicle. Brigham, K.L, B. Meyrick, B. 
Christman, M. Magnuson, G. King and L.C. Berry Am.J.Med.Sci. 298, 278- 
281 (1989). A novel cationic liposome reagent for efficient transfection of 
mammalian cells. Gao, X.A. and L. Huang, Biochem Biophys Res Commun 
179, 280-285 (1991). Expression of the human cystic fibrosis transmembrane 
conductance regulator gene in the mouse lung after in vivo intratracheal 
plasmkJ-mediated gene transfer. Yoshlraura, K., M.A. Rosenfekf, H. 
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Nakamura, E.M. Scherer, A. Pavirani, J.P. Lecocq and R.G. Crystal 
NuclAdds Res. 20, 3233-3240 (1992). Systemic gene expression after 
intravenous DNA delivery into adult mice. Zhu, N,, D. Llggitl, Y. Liu and R. 
Debs. Science 261 , 209-21 1 (1993). A novel series of amphiphilic 
imidazollnium compounds for in vitro and in vivo gene delivery. Solodin, I., 
C.S. Brown, M.S. Bruno, C.Y. Ciiow, E. Jang, R.J. Debs and T.D. Heath. 
Biochem. 34, 13537-13544 (1995). Detailed analysis of stmcture and 
formulations of cationic lipids for efficient gene transfer to the lung. Lee, E.R., 
J. Marshall, C.S. Siega!, C. Jiang, N.S. Yew, M.R. Nichols, J.B. Nietupski, R.J. 
Zlegler, M. Lane, K.X. Wang, N.C. Wan. R.K. Scheule, D.J. Hanrls, A.E. Smith 
and S.H. Cheng Hum.Gene Ther. 7, 1701-1717 (1996). 

Additionally, several recently issued U.S. Patents, the disclosures of 
which are specifically incorporated by reference herein, have described the 
utility of cationic amphiphiles to deliver polynucleotides to mammalian cells. 
(U.S. Patent No. 5,676,954 to Brigham et al. and U.S. Patent No. 5,703.055 
to Feigner et al.) 

Another dass of cationic amphiphiles with enhanced activity is 
described, for example, in U.S. Patent No. 5,747,471 to Siegel et al. issued 
May 5, 1998, U.S. Patent No. 5,650,096 to Han-is et al. issued July 22, 1997, 
and PCT publication WO 98/02191 published January 22, 1998, the 
disclosures of which are specifically incorporated by reference herein. These 
patents also disclose formulations of cationic amphiphiles of relevance to the 
practice of the present invention. 

In addition to achieving effective introduction of biologically active 
molecules, there remains a need to reduce the toxicity of gene delivery. In 
particular, there is a need to reduce the inflammatory response associated 
with gene delivery. For example, cationic lipid-mediated gene transfer to the 
lung induces dose-dependent pulmonary inflammation characterized by an 
influx of leukocytes (predominantly neutrophils) and elevated levels of the 
inflammatory cytokines rnterleukin-6 (IL-6), tumor necrosis factor a(TNF-o), 
and interferon-Y (IFN-y) in the bronchoalveolar lavage fluid. 

The generation of elevated levels of cytokines in the BALF also has 
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consequences for expression of the therapeutic protein. Several viral 
promoters such as the human cytomegalovirus ("CMV") promoter commonly 
used in gene delivery vectors are subject to suppression by such cytokines. 
Furthennore, any additional inflammation or reduction in lung ftjnction \n 
patients that already exhibit chronically inflamed, compromised airways 
represents an increased safety risk. For CF and other inherited genetic 
disorders, a consequence of the presence of CpG motifs may be the 
increased likelihood of developing neutralizing antibodies to the therapeutic 
tonsgene. This is particularly pertinent in subjects harboring either null 
mutations or mutations that result in the generation of a very altered variant. 
Eliminating the adjuvant effect of the immunostimulatory CpG motlfe would be 
desirable to reduce this risk. 

Histopattiological anafysis of lung sections treated with the individual 
components of cationic lipidrDNA complexes suggests that the cationic lipid is 
a mediator of the observed inflammation. However, results of clinical studies 
where CF subjects were subjected to either aerosolized liposomes alone or 
cationic iipid.'DNA complexes indicated that bacterial derived plasmid DNA 
may also be inflammatory. Each of the cationic lipidrpDNA-treated patients 
exhibited mild flu-like symptoms (including fever, myalgia, and a reduction in 
FEV, of approximately 15%) over a period of approximately 24 h. These 
symptoms were not observed in patients treated with the liposome control. 
One possible explanation for this response Is related to the presence of 
unmethylated CpG dinucleotide sequences in ttacterially-derived pDNA. See 
Krieg et ai. Nature, 374, 546-9 (1995); Klinman ef a/., Proc. Natl. Acad. Sci 
USA, 83. 2879-2883 (1996); Sato etal.. Science, 273, 352-4 (1996). 
Unmethylated CpG dinucleotides have been shown to be immunostimulatory 
and are present at a much higher frequency in bacterially-derived plasmid 
DNA compared to vertebrate DNA. 

Since plasmid DNA used in gene transfer studies is invariably isolated 
from bacteria! sources, and because these sources also necessarily harbor 
bacterial sequences for propagation in this host, they contain a Wgher 
frequency of unmethylated CpG sequences. The presence of such mcjtifs on 
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pDNA have been shown to be capable of stimulating a robust T-helper 1 type 
response in either transfected monocytes or injected BALB/c mice. However, 
of particular concern for delivery of genes to the lung was ttie denrionstration 
that bacterial genomic DNA or oligonucleotides containing immunostimulatory 
CpG motifs are capable of eliciting an acute inflammatory response in ainways 
and in particular caused inflammation in the lower respiratory tract, increasing 
botti cell numbers and elevated levels of the cytokines TNF-a IL-6 and 
macrophage inflammatory protein (MIP-2). See Schwartz et a/., J. Clin. 
Invest, 100, 68-73 (1997). Activation of a similar cytokine profile by CpG 
dinudeotides has edso been reported in lymphocytes (Klinman et al., Proc. 
Natl. Acad. Set. USA, 83, 2879-2883 (1996)). murine dendritic cells 
(Sparwasser et al., Eur. J. Immunol., 28, 2045-2054 (1998)), macrophages 
(Lipford ef a/., Eur. J. Immunol. 27, 2340-2344 (1997)), monocytes (Sato ef 
al., Science, 273, 352-4 (1995)), and NK cells (Cowdery et al., J. Immunol., 
156, 4370-4575 (1996)). A recent study also reported that complexes fonned 
between the cationic lipid DOTMA (N-{1-(2-3-dioieyloxy)pnopyl]-N,N,N- 
trimethyiammonlum chloride) and pDNA enhanced cytokine and cellular levels 
in the BALF of treated animate. See Friemark et ah, J. Immunol., 160, 4580-6 
(1998). 

Compared to DNA of eukaryotic origin, bacterial genomic DNA 
contains a 20 fold higher frequency of the dinucleotide sequence CpG. 
Additionally, unlike eukaryotic DNA where 80% of the cytosines are 
methylated, those derived from prokaryotic origin are relatively unmethylated. 
These differences purportecBy allow the vertebrate immune system to 
recognize and respond to foreign DNA of bacterial origin. In this regard, 
administration of genomic bacterial DNA into an eukaryotic host has been 
shown to be capable of eliciting a potent immunostimulatory response, 
activating B cells, NK cells, dendritic cells and macrophages. See Krieg ef al.. 
Trends Microbiol., 4, 73-76 (1995); Ballas etal., J. Immunol., 157, 1840-5 
(1996); Sparwasser etaL, Eur. J. Immunol., 27, 1671-9 (1997). 

Systematic analysis indicated that those sequences harboring the CpG 
motif 5'-fiRCGYY-3' were particulariy potent at inducing these responses. 
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That these effects were a consequence of the methylation status of the CpG 
dinucieotide sequences as demonstrated by experiments showing that 
administration of either bacterial genomic DNA or synthetic oi^nucieotldes 
bearing the RRCGYY sequence that had been pre-methylated with CpG 
methylase were significantly less immunostimulatory. 

SUMIWARY OF THE INVENTION 

The invention provides for methods of reducing the inflammatory 
response to gene therapy by modiiying a plasmid or viral vector delivered to a 
cell. The plasmid or viral vector may be any plasmid or plasmid fragment, 
viral vector, transgene, adenovirus, retrovirus or DNA or RNA fragment that is 
modified to reduce or eliminate the immunostimulatory response in order to 
preserve the efficacy of nucleic add transfer but reduce the associated 
toxicity. The mettiod of modiiying ttie plasmid or viral vector may be chosen 
from removing at least one CpG motif from the composition, methyiating at 
least one CpG motif of the composition, or removing at least one CpG motif 
and methyiating at least one CpG motif. In a preferred embodiment, the 
plasmid or vector is substantially devoid of any CpG dinucleotides. 

In a further preferred embodiment, the invention provides for the 
modification of any plasmid for delivery to a mammalian cell. The plasmid 
may be an RNA plasmid or a DNA plasmid. The invention also provides for 
specific synthetic or modified plasmids, expression cassettes, and cDNAs as 
described herein with a decreased immunstimulatory response. 
Unmethylated CpG sequences within plasmid DNA vectors are a major 
contributor to the Inflammatory response associated with gene delivery. 
Therefore, methylation or elimination of CpGs of the plasmid DNA vector 
reduces the inflammatory response and thus reduces the toxidty of gene 
therapy. 

The invention also provides for a method of reducing a mammal's 
Immunostimulatory response to a composition comprising the step of 
administering a composition that comprises at feast one plasnwd that is a CpG 
altered plasmid and at least one cationic amphiphile. The method of altering 
the plasmid is chosen from removing at least one CpG motif from the plasmid, 
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methylating at least one CpG motif of the plasmid, or removing at least one 
CpG motif and methylating at least one CpG motif. In a prefenred 
embodiment, the plasmid, a specific regiwi of the plasmid, or tfie DNA 
fragment is substantially devoid of any CpG dinucleotides. The plasmid may 
be a DNA plasmid and also may comprise at least one modified KAN 
fragment, at least one modified OR! fragment or at least one modified CAT 
fragment. Additionally, the catlonic amphiphlle may be a cationic lipid. 

In a preferred embodiment, the plasmid or viral vector encodes a gene 
of Interest. The gene of Interest may be but is not limited to a-galactosldase, 
Factor Vill, Factor IX, or CF. Similar to the plasmid or vector, the gene of 
interest may also be CpG altered. The plasmid may also include a sequence 
encoding an enzyme including but not limited to a sequence encoding 
glucocerebrosidase, beta-galactosidase, sphingomyelinase, ceramidase, 
hexosaminidases, alpha-iduronidase; ganglioside-beta-galactosidases; alpha- 
neuramlnidases; alpha-fucosidase; alpha-mannosidase; aspartylgiucosamlne 
amidase; acid lipase; iduronate suHatase; arylsulfatases; and other sulfatades. 

Another embodiment Is a method of reducing a mammal's 
immunostimulatory response to a plasmid or viral vector comprising the 
eritering of the plasmid or vector by removing at least one CpG motif from the 
composition and measuring the immunostimulatory response by monitoring 
immunostimulated liver enzyme levels In the blood of tiie mammal. The 
immunostimulated liver enzyme levels are preferably serum transaminase 
Actors, such as AST and/or ALT levels. 

TTie invention also provides for a method of reducing a mammal's 
infimunostimulatory response to a plasmid or viral vector comprising altering a 
plasmid or vecAor by methylating at least one CpG motif of the plasmid and 
measuring the immunostimulatory response by monitoring the (^Wne levels 
In the mammal. 

The methods described vwthin of reducing a mammal's 
immunostimulatory response to a plasmid or viral vector may also include the 
administraBOT of an agent effective to inhibit CpG signaling. The agent 
effective to inhibit CpG signaling may be, but is not limited to monensin, 
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bafilomycin, chloroquine, and quinacrine. 

In a further embodiment, the invention calls for a method of modulating 
a mammafs immunostimuiatory response to a cationic amphiphile/plasmid 
composition comprising modifying an amount of CpG motifs in the plasmid 
effective to alter the liver enzyme levels in the blood of a mammal. The CpG 
motifs may be modified by the removal of at least one CpG motif and/or 8ie 
methytation of at least one CpG motif. 

In an even further embodiment, the Invenfion calls for a method of 
modulating a mammal's immunostimulatory response to a cationic 
amphlphile/plasmid composition comprising modifying an amount of CpG 
motifs in the plasmid effective to alter the cytokine levels hi the blood of a 
mammal. The CpG motifis may be modified by tfie mefh^ation of at least one 
CpG mofif. 

Also within the practice of the invention is a composition comprising at 
least one CpG altered plasmid or viral vector. The CpG altered plasmid or 
viral vector differs from Its conresponding wild type sequence by: the absence 
of at least one CpG motif from the plasmid or vector; the presence of at least 
one methylated CpG in the plasmid or veck)r; or the absence of at least one 
CpG motif from the plasmid or vector and the presence of at least one 
methylated CpG In at least one CpG motif. In one embodiment, the plasmid is 
a DNA plasmid comprising a modified CpG region having at least one CpG- 
reduced selectable marker, such as a CpG-deleted KAN fragment or a CpG- 
reduced CAT fragment or a CpG reduced ^rigin of replication, such as a 
shortened ORl region. In a preferred embodiment, the plasmid replication 
origin region is minimized and/or suljstantially CpG eliminated. The 
composition may further comprise at least one agent that is effiecfive for 
delivering a biologically active molecule to a cell, such as a cationic 
amphiphile and/or an agent that is effective to inhibit CpG signaling. 

The present invention also encompasses a composition comprising, 
a polynudeotide comprising the nucleotide sequence of SEQ ID N0:1 and/or 
SEQ ID NO;2 and/or fragmente of the nucleotide sequence of SEQ ID N0:1 
and/or SEQ ID N0:2. The Gcxnposition may further comprise a cationic 
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amphiphile. 

The invention provides for direct administration of modified plasmids or 
viral vectors, administration of a plasmidrlipkl complex or mixhires of viral 
vectors and lipids, administration of modified plasmid and viral vector mixtures 
and delivery of plasmids and viral vectors by any method that has been 
employed in the art to effectuate delivery of biologically active molecules Into 
the <^lls of mammals. In a preferred embodiment, a modified plasmid is 
administered as a lipidrptasmid complex. 

In another aspect, the invention provides for pharmaceutical 
compositions of modified plasmids. viral vectors, or complexes comprising 
modified plasmids and/or viral vectors and pharmaceutical compositions of 
lipids and non-lipids. The modified plasmid or viral vector may be an active 
ingredient in a pharmaceutical composition that includes carriers, fillers, 
lenders, dispersants, creams, gels, solutions and other exdplents that are 
common in the pharmaceutical formulatory arts. 

The invention provides for a method erf administering the modified 
plasmid, viral vector or modified plasmid:lipid complex by any methods that 
have been employed in the art to effectuate dePivery of biologically ac^e 
molecules into the cells of mammals, including but not limited to, 
administration of an aerosolized solution, intravenous injection, orally, 
parenterally, topically, or transmucosally. 

Additional features and advantages of the invention w/ill be set forth !n 
the description which follows, and in part vM\ be apparent from the description, 
or may t>e teamed by the practice of the Invention. The objectives and other 
advantages of the invention will be realized and attained by the compounds 
and mettiods particularly pointed out in the written description and claims 
hereof as well as the appended drawings. 

BRIEF DESCWPTiON OF THE DRAWINGS 
Figure 1. (a) Nucleotide sequence of pGZA-CAT (also referred to as pGZA- 
sCAT) SEQ ID N0:1. (b) Map of nucleotide sequence pGZA-CAT. (c) 
Nudeofide sequence of pGZF-HAGA SEQ ID NO:2. (d) Map of nucleotide 
sequence pGZF-HAGA. 
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Figure 2. Cytokine analysis of mouse bronchoalveolar lavage fluid (BALF) 
after instillation of GL-67 complexed with methylated or unmethylated pCFI- 
CAT. Groups of three BALB/c mice were Instilled intranasafly with 100 /u! of 
GL-67:(m)pCF1-CAT, GL-67:pCF1-CAT, GL-67 alone, (m)pCFI-CAT. pCFI- 
CAT, or vehide (naive). BALF was collected 24 h after instillation and ELISA 
assays were used to measure the levels of various cytokines. (m)pGFI-CAT 
refers to pCF1-CAT that had been methylated by Sss I methylase. 
Figure 3. Total cell counts and proportion of neutrophils in BALF after 
administration of cationic lipid:pDNA complexes are shown. Groups of ttiree 
BALB/c mice were instilled Intranasally with 100 jil of GL-67:{m)pCF1-CAT, 
GL-67:pCF1-GAT, GL-67 alone, (m)pCFI-CAT, pCFI-CAT, or vehicle. BALF 
was collected 24 h post-instillation and total cells and the different cell types 
were counted: (a) Number of PMN, polymorphonuclear leukocytes; and (b) 
Number of Neufrophlls. (m)pCFI-GAT refers to pCFI-C^T that had been 
methylated by Sss I methylase. 

Figure 4. Cytokine analysis of mouse BALF after instillation of GL-67 
complexed with mixtures of methylated and unmethylated pCF1-CAT. Sss I- 
methylated pCFI-CAT was mixed with unmethylated pCFI-CAT at ratios of 
0:3, 1:2, 2:1, or 3:0 [{m)pCF1-CAT:pCF1-CAT], then complexed with GL-67 to 
final concentration of 0.3:1 .8 MM (GL-67:pDNA). Groups of three BALB/c 
mice were instilled intranasally wittt 100 ^ of GL-67:pDNA ojmpiexes and 
BALF was collected 24 h after instillation for cytokine assays. Naive animals 
were treated with vehicle, (m), methylated pCF1-CAT; (un), non-meth^ated 
pCFi-CAT. 

Figure 5. Histopathological analysis of BALB/c mouse lung sections following 
administration of GL-67 complexed with methylated or unmethylated pCFI- 
CAT. BALB/c mice were instilled intranasally with 100 /^l of GL-67:(m)pCF1- 
CAT, GL-67:pCF1-CAT, GL-67 alone, (m)pCF1-CAT, pCFI-CAT, or vehicle. 
Mice were sacrificed two days post-instillatlon and the lungs were processed 
for histological examination in a blirKied manner. Lung inflammation was 
graded on a scale of 0 to 4, with 0 indicating no change, 1 a minimal change, 
2 a mild change, 3 a moderate diange, and 4 indicating a severe change from 
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a normal lung. (m)pCFI-CAT refers to pCFI-CAT that had been methylated 
by Sss I methyiase. 

Figure 6. CpG motifs present in pCFI-CAT. The motffe having the sequence 
5'-RRCGYY-3' are as shown. Numbers in parentheses indicate the 
nucleotide position of the cytoslne residue. I^n R, gene for kanamycin; CMV, 
cytomegalovirus; promoter, CAT, cDNA for chloramphenicol aceyltransferase; 
BGH PolyA, polyadenylation sequence firom bovme growth honnone. 
Figure 7. Relative levels of CAT expression following methylation or 
mutagenesis of pCF1-CAT Groups of three BALB/c mice were instilled 
intranasally with 100 ^1 of GL-67:pCF1-CAT, GL-67:(m)pCF1-CAT, GL- 
67:pCFA-299-CAT, or GL-67:pCFA-299-10M-CAT pCFA-299-CAT harbors a 
partial deletion of the CMV promoter and pCFA-299-10M-CAT. an additional 
10 mutations at CpG sites harboring the sequence motif RRCGYY (m)pCF1- 
CAT ref&s to pCFI-CAT that had been methylated by Sss I methyiase. 
Lungs were harvested for CAT analy^s at day 2 post-instiilation. 
Rgure 8. Cytokine analysis of mouse BALF after Instillation of GL-67 
complexed with pCFI -CAT and modified forms of pCF1-CAT containing 
reduced numbers of CpG motifs. Groups of three BALB/c mice were instilled 
intranasally with 100 fA of GL-67:pCF1-CAT, GL-67:(m)pCF1-CAT, GL- 
67:pCFA-299-CAT, or GL-67:pCFA-299-10M-CAT. BALF was collected 24 h 
after instillation and ELISA assays for TNF-a, IFN-y, IL-6, and IL-12 were 
performed. (m)pCFI-CAT refers to pCFI-CAT that had been methylated by 
Sss I methyiase. pCFA-299-CAT harbors a partial deletion of the CMV 
promoter and pCFA-299-10M-CAT, an additfonal 10 mutations at CpG sites 
harboring the sequence motif RRCGYY. 

Figure 9. Effect of inhibiting neutrophil influx on cytokine levels in the BALF of 
BALB/c mice. Animate were injected via the tail vein with a mixture of 
antibodies against murine LFA-1 and Mac-1a approximately 15 min prior to 
instillation of GL-67:pCF1-CAT Into the lung. Mice were sacrificed 24 h post- 
inst'llatkxi and BALF was collected for cell counts and cytokine quantization. 
Control mice received no antibody prior to instillation of complex, or were 
instated with water (Vehicle). Ab refers to group that had been treated with 
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the antibodies. 

Figure 10. Effect of Inhibiting neutrophil Influx on CAT expression in the lung. 
BALB/c mice were injected via the tail vein with a mbcture of antibodies 
against murine LFA-1 and Mac-la approximately 15 min prior to instillation of 
GL-67:pCF1-CAT into the lung. Mice w^e sacrificed 2 and 7 days post- 
instiltetion and the lungs assayed for CAT a(^ity. Ab refers to group that had 
been treated with the antibodies. 

Figure 11. IL-12 induction from mouse spleen cells by unmodified and 
mutated DNA fragments of pCFA-CAT. Fragments were amplified by PGR 
then each fragment was added to mouse spleen cells and the media was 
collected 24 hours later. IL-12 levels were assayed by ELISA. Vehicle is 
water, on, replication origin region; orl-mut, mutated origin; ori-min, minimal 
origin; kan, Icanamycin resistance gene. Data are expressed as mean ± SEM. 
Figure 12. IL-12 induction from mouse spleen cells by unmodified and 
mutated pDNA vectors. Plasmjd DNA was added to mouse ^een cells and 
the media was collected 24 hours later. IL-12 levels were assayed by ELISA. 
Vehicle is water. Data are expressed as mean ± SEM. 
Figure 13. Cytolcine levels in senim and CAT expression in the lungs after 
intravenous administration of unmodified and mutated pDNA vectors. GL- 
62:pDNA complexes were injected via the tail vein into BALB/c mice. Serum 
was coltected 24 hours post-insHllafion and IFN-y, IL-12, and IL-6 levels were 
assayed by ELISA. Vehicle is water. Data are expressed as mean ± SEM. 
Figure 14. Cytokine levels in BALP and CAT ©tpression in the lungs after 
instillation of unmodified and mutated pDNA vectors. GL-67:pDNA complexes 
were instilled intranasally into the lungs of BALB/c mice. BALF was collected 
24 hours post-instillation and IFN-y, IL-12, and lL-6 levels were assayed by 
ELISA. Vehicle is water. Data are expressed as mean ± SEM. 
Figure 15. Inhibition of IL-12 production from stimulated mouse spleen cells 
with chloroquine and quinacrine. pCFA-CAT (pDNA) or GL-67:pCFA-CAT 
(L:pDNA) plus or minus chloroquine (C) or quinacrine (Q) were added to 
mouse spleen ceils and the media was collected 24 hours later. Vehicle is 
water. Data are expressed as mean ± SEM. 
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Figure 16. After Instillation of lipid:pDNA c»mplex plus (a) 1 0 pM chloroquine 
or (b) 0.1 pM quinacrine, the c^otdne levels in BALF and amount of CAT 
expression were determined. IL-12 levels were assayed by ELISA. Date are 
expressed as mean ±SEM. 

Figure 17. (a) Diagram of tfie deletions made to reduce ttie size of the 
replication origin region, (b) Diagram of the procedure for nnnimizjng the 
plasmid replication origin region. 

Figure 18. Example of CpG eliminated, non-virai vector for delivery of CAT, 
a-gal, 6CR, or FIX. 

Rgure 19. Efficacy of a-gal expression in the lung and liver fdiowing 
administration of a cattonic lipid GL-62:pCFA-HAGA complexes. 

PETMLJED DESCRIPTION OF THE INVENTION 
in the present invention, a plasmid or viral vector may be modified to 
reduce the inflammatory response to the plasmid or vector to both reduce 
tcodcity and increase the efficacy of gene delivery. The plasmid or vector may 
also be modified in order to modulate a mammal's immunostimulatory 
response to a plasmid or vector composition. The modified plasmid or vector 
may t>e administered alone, as the active ingredient in a formuiaSon, or as 
part of a complex with a earner such as lipids, including cationic amphiphlle 
compounds, other viral vectors, including adenoviruses, and other methods 
that have been employed in the art to effectuate delivery of biologically active 
molecules into the cells of mammals. A plasmid rcarrier complex may also be 
administered alone or as the active ingredient In a fonnulation. These 
elements will now be discussed. The present invention provides a method to 
reduce or modulate a mammal's immunostimulatory response to a 
composition and both reduce the toxicity and increase the efficacy of gene 
delivery. In the practice of the invention, a plasmid or a \flral vector may be 
modified to reduce the inflammatory response to the plasmid or vector. In 
one embodiment, CpG motifs of the plasmid or vector may be methylated to 
reduce the immunostimulatory response. In another embodiment, CpG motifs 
of a plasmid or vector may be removed or altered to reduce the 
immunostimulatory response. In a preferred embodiment, the plasmid or 
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vecSor is substantially devoid of any CpG dinudeotldes. 

The invention also provides for the use of a modified piasmid or viral 
vector with any of the methods that effectuate delivery of biologically active 
molecules Into the cells of mammals. In a preferred embodiment, however, 
modified f^asmid DMA is used with a cationic amphlphile or a viral formulation 
such as a viral vector or an adenovims. 

The Invention provides for the use of any cationic amphiphBe 
compounds, and compositions containing them, that are useful to facilitate 
delivery of modified piasmid DNA. A number of preferred cationic 
amphiphiles according to the practice of the invention can be found in U.S. 
Patents No. 5.747,471 & 5,650,096 and PCT publication WO 98/02191 . In 
addition to cationic amphipNle compounds, these two patents disclose 
numerous preferred co-lipids, biologically active molecules, Ibrmuiations, 
procedures, routes of administration, and dosages. The disclosures of which 
have been specifically incorporated by reference herein. 

In connection with the practice of the present invention, cationic 
amphiphiles tend to have one or more positive charges in a solution tiiat is at 
or near physiological 

pH. Representative cationic amphipWIes that are useful In the practice of the 
invention are: 
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and other amphiphiles that are known in the art. 

It has been determined that the stability and transfecfion-enhancing 
capability of cationic amphiphile compositions can be substantially Improved 
by adding small additional amounts of one or more derivatlzed polyethylene 
glycol compounds to such fomnulations. Sudi enhanced perfonnance Is 
particularly apparent when measured by stability of cationfc amphiphile 
formulations to storage and manipulation, including in liquid (suspended) 
iorm, and when measured by stability during aerosol delivery of such 
formulations containing a therapeutic molecule, particulariy polynucleotides. 

According to the practice of flie invention, any derivative of 
polyethylene glycol may be part of a cationic amphiphile fonnulat'ion. 
Complexes have been prepared u»ng a variety of PEG derivatives and all of 
the PEG derivatives, at a certain minimum cationic amphiphile:PEG derivative 
ratio have been able to form stable homogeneous complexes. 

Not to be limited as to tiieory, PEG derivatives stabilize cationic 
amphiphile formulations and enhance Uie transfectfng properties and the 
affinity of fonnulations to Wologically active molecules. The use of PEG and 
PEG derivatives enables the use of a higher ratio of DNA to lipids. Previous 
attempte to prepare more concentrated lipidrpDNA complexes resulted in 
precipitation of the complexes, especially at lipid:pDNA ratios for which the 
majority of tiie pDNA was bound to lipid. It was believed tiiat tiie precipitation 
observed at higher concenti^tions might be related to a phase separation of 
the cationic lipid compcHient from the non-bilayer lipid component. In an 
att«Tipt to maintain the traditional lipid formulations in a bilayer configuration, 
PEG-containing lipids were found to be effective In preventing precipitation of 
the complex at higher pDNA concentrations. 

Only a small mole fraction of PEG-containing lipid was found to be 
required to fonn stable formulations that did not precipitate at high 
concenti-ations of lipid and DNA. For example, at 0.05 mol PEG-DMPA, 
cationic lipid:pDNA complexes could be stabilized at pDNA concenti-ations 
exceeding 20 mM. In the absence of PEG-containing llp«ds, a salt recipient, 
which is not prefen^d since an icmic excipient aiso depresses tifansfection 
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ac^vity, is required to maintain tiie lipid: pDI^JA ratio of the complex during 
certain mettiods such as aerosolization. For more infomnation regarding use 
of PEG derivatives the following references are specifically incorporated by 
reference. Simon J. Eastman et al., Human Gene Therapy, 8, 765-773 
(1997); Simon J. Eastman et al. Human Gene Therapy, 8, 313-322 (1997). 

Derivatives of polyethylene glycol useful in the practice of the invention 
include any PEG polymer derivative with a hydrophobic group attached to ttie 
PEG polymer. Examples would include PEG-PE, PEG-DI^PE, PEG-DOPE, 
PEG-DPPE, or PEG-Serinamide. Not to be limited as to theory, it is believed 
that preferred PEG-containIng lipids would be any PEG polymer derivatives 
attached to a hydrophobic group that can anchor to the cell membrane. Two 
highly preferred species thereof include dimyristoylphosphatidytethanolamine 
(di C„) ("DMPE") and diiaurylphosphatidylethanolamine (di C«) ("DLPE"). 

Witti respect to selection of the PEG polymer, it is a prefen^d 
embodiment of the Invention that the polymer be linear, having a nrKilecular 
weight ranging from 1,000 to 10,000. Prefen-ed species thereof include those 
having molecular weights from 1500 to 7000, with 2000 and 5000 being 
examples of useful and commercially available sizes. In the practice of the 
invention, it is convenient to use derivatized PEG spedes provided from 
commercial sources, and It Is noted that the molecular weight assigned to 
PEG in such products often represents a molecular weight average, there 
being shorter and longer molecules In the product. Such molecular weight 
ranges are typically a consequence of the synthetic procedures used, and the 
use of any such product is within the practice of the invention. 

It is also within the practice of the invention to use derivatized-PEG 
species that (1) include more than one attached phospholipid, or (2) include 
branched PEG sequence, or (3) include both of modifications (1) and (2). 

Accordingly, preferred species of derivatized PEG include: (a) 
polyethylene glycol 5000-dimyristoyiphosphatidylethanolamine, also referred 
to as PEGjsooo)— DIWPE; (b) polyethylraie glycol 2000- 
dimyristoylphospiiatidylethanolamine, also referred to as PEG^p- DMPE; 
(c) polyethylene giycoi 5000-dHaurylphosphalidyl ethanpiamine, aiso referred 
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to as PEGjsoooj— DLPE; and (d) polyethylene glycol 2000-dilaurylphosphatidyl 
efhanolamine, also refen-ed to as PEG^aooof- DLPE. 

Certain phospholipid derivatives of PEG may be obtain^ from 
commeraal suppliers. For example, the following species: dl C14:0, di CI 6:0, 
di C18:0, di C18:1, and 16:0/18:1 are available as average 2000 or average 
5000 MW PEG derivatives from Avanti Polar Upids, Alabaster, AL, USA, as 
catalog nos. 880150, 880160, 880120, 880130. 880140, 880210, 880200, 
880220. 880230. and 880240. 

The use of neutral co-lipids is optional. Depending on the formulation, 
Including neutral co-llprds may substantially enhance delivery and transfecUon 
capabilities. Representative neutral co-lipids include 
dioleoylphosphatidylethanolamtne ("DOPE"), the species most commonly 
used in ttie art, diphytanoylphosphatidylethanolamine, lyso- 
phosphafidylethanolamines other phosphatidyl-ethanolamines, 
phosphatidylcholines, lyso-phosphatidylchdines and cholesterol. Typically, a 
preferred molar ratio of cationic amphlphile to co-llpid is about 1 :1 . However, 
it is within the practice of the inventiOTi to vary this ratio over a considerable 
range, although a ratio from 2:1 through 1:2 Is usually preferable. Use of 
diphytanoylphosphatidylethanolamine is highly preferred according to the 
practice of the present invention, as is the use of "DOPE". 

According to the practice of the invention, preferred formulations may 
also be defined in relation to the mole ratio of PEG derivative, however, the 
preferred ratio will vary with the cationic amphlphile chosen. In preferred 
examples thereof, the neutral co-lipid Is 

diphytanoylphosphatidylethanolamine, or Is DOPE, and the PEG derivative Is 
a DMPE or DLPE conjugate of PEG2000 or PEG5000- Jn a highly preferred 
example, the neutral co-lipid is diphytanoylphosphatidylethanolamine, and the 
PEG derivative is PEGjaxjofDMPE. 

Plasmid DNA contributes significantly to the inflammatory response 
observed following administration of cationic lipid:pDNA complexes to the 
lung. Most of the increase in the levels of the cytokines TNF-a. IFN-y. IL-12 
and IL-6 and a proportion of Vne cellular influx observed In the BALF following 
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delivery of cationic lipid:pDNA complexes was shown attributable to the 
pDNA. Not to be limited as to theory, the basis for this inflammatory response 
was determined to be due to the presence of unmeSiylated CpG dinucleotides 
in the pDNA. The involvement of the CpG dinucleotides was implicated from 
experiments ctemonsfratong that the inflammatory response could be abated 
by meOiylattng the pDNA with a CpG methylase. Furthermore, a dose- 
response relationship was attained between the amount of unmethylated 
pDNA used in the instillation and the levels of (ytoklnes induced. Finally, the 
critical role of CpG content was most dearly demonstrated by the observation 
that DNA fragments substantially d^id of any CpG dmudeotldes were 
essentially non-immunostimulatory. 

Inducfion of the inflammatory response by unmethylated pDNA, 
however, was significantly exacertsated upon complexation vwth a cationic 
lipid. Not to be limited as to theory, this enhanced response was likely due to 
either increased cellular uptake of the pDNA by the ceils or increased 
stabilization of the pDNA by tfie cationic lipid in the intracellular compartment. 
Consistent with this proposal is ttie observation that CpG oligonudeotides 
covalentty Ibnked to a soiki support sudi thatSiey are no bnger internalized, 
are nonsHmulatory. 

Accordingly, some of the observed inflammatory responses resulted as 
a direct manifestation of the complexed cationic lipidrpDNA. Examples of 
these indude activation of the cytokine KC and recruitment of ottier cells into 
the BALF such as macrophages and lymphocytes to presumat)ly dear the 
relatively large particulates of complexed cationic lipid-.pDNA. 

in one embodiment of the imenfkm, methyiation of the CpG motifs 
suppress inflammation. Indeed, it has been known that methyiation of CpG is 
associated with long-term inadivation of certain genes during mammalian 
development and in the repression of viral genomes. In this regard, selection 
of promoters that lack CpG motifs and are therefore insensitive to methyiation 
repres^it an additional mbodiment of the present Invention. One such 
known promoter is the MR4TV-LTR (murine moloney tumor virus-long temninal 
repeat). 
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it is also >Anthln the practice of tlie invention to reduce or modulate the 
Immunostimulatory properHes of pDNA by altering the CpG content of the 
entire plasmid or specific regions or promoters of a plasmid. The CpG 
content of a ptasmid or plasmid fragment may be altered by increasing or 
decreasing the presence of CpG motifs, or modifying the OpG motifs which 
are present by increasing or deaeasing the amount of mefliylation. Increased 
Immunosllmulatfon may be achieved by Increasing the number of CpG motlfe 
present in the plasmid or by reducing the amount of methylation for such CpG 
motifs. Increasing the number of CpG motifs combined with reduced 
methylation sites may prove particuiaiiy useful if immunosUmulation is 
desired. In vitro methylation of all the CpG dinuoleotides within a given 
pDNA has been shown to significantly decrease cytokine induction, but may 
also severely inhibit transgene expression. Therefore elimination of CpG 
motifs is preferred. In a preferred embodiment, a plasmid, a viral vector, or a 
fragment or region of a plasmid or vector is substantially devoid of CpGs. 
Wlfliin the practice of the Invention, substantially devoid of CpGs refers to 
removal or alteration of all CpGs from a composition and/w the removal or 
alteration of enough CpGs from the ocnnposition that the immunostimulatory 
response of the composition upon administration to a mammal (as determined 
by any of the mettiods described herein) is reduced as compared to the native 
composition. In a further preferred embodiment, a composition substantially 
devoid of CpGs has a CpG content that Is reduced by 10% as compared to 
the native. In a still ftjrtiier preferred emtMxJiment, the CpG ctmtent has been 
reduced by 50% and in an even further prefierred embodiment, the CpG 
content has been reduced by 67%. 

In one embodiment, elimination may be achieved by deleting or altering 
non-essential regions of a plasmid or viral vector genome. For example, DNA 
fi^agments containing only the promoter, transgene, and polyadenylation 
signal have been shown to have deceased stimulatory activity after 
intravenous delivery into mice. A preferred embodiment is a method of 
eliminating some non-essential repons arul thereby reducing tiie CpG- 
mediated inflammatory r^ponse, wKle r^ln'mg a functional origin. 
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increasing levels and persistence of ejqjression, and/or antibiolic nsslstance of 
the gene. Site-directed mutagenesis and synthetic fragments devoid of CpG 
sequaices may be used to generate a less stimulatory vector. 

In a further preferred embodiment, the CpG content of the plasmid 
replication origin region (Figure 17(a) and Figure 17(b)) or any other region or 
fragment of the plasmid is minimized. The plasmid replication origin region is 
a significant source of immunostimulatory CpGs. For example, 160 of the 526 
CpGs in pCFA-CAT are in the plasmid replication origin region. However, the 
plasmid replication origin region must be minimized without destroying or 
Inhibiting replication function. 

In the present invention a pDNA expression vector or a viral vector 
genome may also be constructed containing substantially fewer CpG 
dinculeotides within its sequence than cxsnvenfional piasmids or viral vector 
genomes. In a further embodiment, non-CpG expression cassettes, non-viral 
vectors and cDNAs are synthesized. The cassettes, vectors and cDNAs nray 
be CpG eliminated or reduced and may be effective for expression in vivo or 
in vUm. Examples of vectors within the practice of the invention. % show in 
Figure 18, include, but are not Mted to, cassettes and cDNAs for a-gal, 
GCR. CAT or FIX. 

The reduced CpG content has been shown to correlate with a 
decreased immunostimulatory response in vitro, and cationic iipid-pDNA 
complexes containing modified piasmids induced significantly lower levels of 
proinflammatory cytokines In the semm when administered intravenously, as 
well as decreased levels in the mouse lung w^ien administered intranasalJy. 
The role of CpG content was demonstrated by the observation that DMA 
fiagments lacking CpG dfnudeofides were non-stimulatory both m vibo and in 
wfvo. 

The goal of reduced CpG mediated inflammatory response and 
increased levels and persistence of repression may also be achieved by the 
use of a CpG reduced plasmid vector containing the ubiquitin promoter. 
UtHqultIn, a 76 amino acid protein, very highly conserved and Is e}q3ressed 
in all ceils. In one embodiment, plasmid vectors or fragments cortteiining the 
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ubiquWn promoter are prepared and administered to a mammal to increase 
persistence of expression in gerie therapy following delivery of the plasmid. 

Prior toxicology studies have indicated that the physiological changes 
mediated by systemic administration of cationic lipidrpDNA comptex are also 
characteri^d in part by statistically significant elevations in serum 
transaminase (ALT, AST) levels. Elevations in serum fransaminase (ALT, 
AST) levels are generally accepted as indicators of liver toxicity, although 
other clinical measures of liver damage are certainly recognized and could be 
substituted. It is therefore within the practice of the invention to measure the 
Immunostimulatory response of a mammal by monitoring liver enzyme levels 
such as AST and ALT levels. In one embodiment, a desired 
immunostimulatory response is obtained by altering the CpG content of a 
plasmid or viral vector and monitoring the liver enzyme levels in the Wood until 
the desired immunostimulatory response is observed. 

It is also within the practice of the Invention to measure the 
immunostimulatory response of a mammal by monitoring the cytokine levels 
In the mammal. In one embodiment a desired immunostimulatory response 
is obtained by altering the CpG content of a plasmid or viral vector and 
monitoring the cytokine levels in the blood until the desired immunostimulatory 
response is observed. 

AnolJier strategy to modulate the immunostimulatory properties of the 
pDNA vector is to use specific inhibitors of the CpG signaling pathway. 
Upteke of DMA into an acidified intracellular compartment \na endoc^osis is 
the first required stop in the pathway. Inhibitors of endosomal acidification 
such as monensin, bafilomycin, chloroquine, and quinacrine may effectively 
bk>ck CpG induced cytokine Induction by leukocytes in vitro. 

A distinctive property of chloroquine or quinacrine are the low 
concentrations required for the specific inhibition of CpG mediated stimulation. 
An effective dose in the mouse lung is a comparatively small dose in the 
human lung. A dose of 0.5 micrograms chlorocrine in the nmjse lung is 
equivalent to approximately 1.0 mg in the human lung. Given tire limitations 
of such exbapolations, the dose nevertheless compares favorably to the 
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recommended dosage for antimalarial Indications (approximately 100-20{)mg). 

The invention also provided for a method of genetically altering those 
CpG motifs that have been shown to exhibit potent immunostimuiatory 
activity, such as the most immunostimuiatory motif, 5'- RRCGYY-3'. 
However, (rther CpG dinucleotides that are not within the sequence context of 
RRCGYY also contribute to the cytokine InducSon. Renun^ by site-directed 
mutagenesis of these sites is prefenred. 

In yet another embodiment, CpG motifs that exhibit neutralizing activity 
are used to counter those with Immunostimuiatory activity. As such, the 
incorporation of these neutralizing motifs coupled with the removal of those 
exhibiting immunostimuiatory activity from pDNA vectors will reduce the 
inflammatory response in the lung. 

Compositions containing CpG altered plasmids are also within the 
practice of the invention. In one embodiment, a composition comprises the 
CpG altered plasmid, pGZA-CAT as shown in Figure 1(a), SEQ !D N0:1. The 
plasmid may be CpG altered by site-directed mutagenesis. In another 
embodiment, a composition comprises the CpG altered plasmid, pGZF-HAGA 
as shown in Figure 1(c), SEQ ID NO:2. This plasnud may ^so be CpG 
altered by site-directed mutagenesis. 

As described ahowe, an alternate approach to mutagenesis for 
reducing the number of CpG sites vwthin the replication origin region is to 
determine the minimal fragment that can still be functional. Another 
embodiment of the invention is a composition comprising a selectable marker 
or fragment of the CpG altered plasmid, such as a selectable marker of 
pGZA-CAT or pGZF-HAGA. Representative fragments include those 
depicted in Table 1 and in Figure 1. Also within the practice of the invention 
are composittons comprising CpG altered regions such as the ftagments and 
plaanid regions that make up ttte ^asmkis and vectors of Figures 1(b), 1(d) 
and 18. 

The remaining problematic CpG sites reside within the enhancer- 
promoter and replication origin region. Therefore, as described above, an 
enhancer-promoter containing fewer CpG sBes tlian found in CMV could be 
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used in its place, in another embodiment, the repHcation orfjgin region, along 
vnth the antibiotic resistance gene could be deleted enUrely. Site-specific 
recombination using a phage lambda integrase has been demonstrated to 
produce "minicircles" composed only of the expression cassette and a 
fia^eritof the recombined site. While the purification of th^e recombined 
plasmlds is presently suitable for small-scale analytical puiposes, large-scate 
methods are certainly ccmceivable. 
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TaWe 1. CpG sites in unmodified and mutated DNA fragmwite 



Pl351lticl 

SeqMenpes 


L.Gn£|tH (bp) 


NiimbGr of 
CpGs 


origin wt 


1276 


60 


origin mirt 


1276 


152 


origin min 


740 


96 


kanwt 


1252 


116 


kan-mut 


1252 


84 


ican-syn 


957 


0 


CMV (promoter) 


607 


74 


intron/poiyAwt 


734 


80 


CATwt 


809 


80 


CAT-syn 


703 


2 


pOri-K 


2596 


288 


pOrl-K-syn 


1735 


96 (67% 



reduced) 

pCFA-CAT 4739 526 

pGZA-CAT 3788 256(50% 

reduced) 

on is tiie replication origin region; ori-mut is ttie mutated origin; ori-min is the 
minimal origin; kan is the l<anamycin resistance gene; kan-mut is ttie mutated 
kanamycin resistance gene; kan-syn is the synthetic kanamycin resistance 
gene; CMV is the human cytomegalovirus enhancer-promoter; CAT is the 
chloramphenicol acetyltransfefase gene; CAT-syn Is the synth^ 
chloramphenicol ace^transfeiase g^e; pOri-K is a vector containing the 
origin of replication and the gene for kanamycin resistance; ppri-K-syn is a 
mutant fbnm of pOri-K wrtti a reduced nuniier (96) of CpG dinudeotkJes; 
PCFA<:AT and pGZA-CAT are similar except that the latter contains 270 
fewer CpG motifs. 



Since the decre^e in ttie stimulatory activity of a pDNA vector has 
been foimd to be roughly proportk)nal to the number of CpG sites, the 
stimulatory activity mimics the strategy of CpG su(^resston found in 
vertebrate DMA. l-iowever, vertebrate Dl^ also oint^ns other features within 
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its seqi^nce that reduce its ^imulatmy properties. CpG mot^ in particular 
sequence contexts tiave t>een shown to be non-stimulatory and have been 
temied neutralizing (CpG-N) motifs. Oligonucleotides containing certain 
. patterns erf CGG, CCG, and CGCG direct repeat motife not only lack 
stimulatory activity but they can also hrihfljit stimulatory CpG moHfe in cis and 
in trans. Although potentially useful, inserting additional CpG-N motifs into the 
pDNA vector has so far not altered stimulatory activity. The Interactions 
between Cp6-N and CpG -S motiis are not well understood, and at present 
the most effedive sb^tegy has been simply to reduce the number of CpG 
sites. 

To summarize, a pDNA vector or a \drai vector containing substanUally 
reduced numt)ers of CpG sites decreases the inflammatory response to the 
vector as well as to cationic Iqpid-pETNA complexes. 
Preparation of Phannaceutical Compositions and Administration Thereof 

The present invention provides for phamiaceutical compositions that 
fadlitote intraoelluiar delivery of therapeuticaliy effective amounts of pDNA 
molecules and complexes and viral vedjors. Pharmaceutical compositions of 
the invention facilitate entry of plasmids and vectors Into tissues and organs 
suchi but not limited to, the gastHc mucosa, heart, lung, musde and ^oitd 
tomors. 

In addition to pDNA and viral vectors, other representative biologically 
active molecules that can be i:»ovided intracelluiarly in therapeutic amounts 
using the metiiods of the invention include: (a) polynucleotides sudi as 
genomic DMA, cDNA, and mRNA that encode for therapeutically useftjl 



wo 01/75092 PCTAJSOl/10309 
-29- 

pr(^s as are known In the art; (b) riboson»al RNA; (c) anfisense 
polynudec^des, whether RNA or DMA, that are useful to inactivate 
transcription products of genes and which are useful, for example, as 
therapies to r^uiate the growth of malignant cells; and (d) ritKxzymes. 

Cationic amphlphile species, PEG derivatives, and co-li{^ds of the 
Invention may be blended so tfiat two or nrrore species of cationic amphlphile 
or PEG derivative or co-lipid are used, in combination, to facilitate entry of 
biotogicany ac^ molecuies Into target ceHs and/or into subcellular 
compartments thereof. Cationic amphiphiles of the invention can also be 
blended for such use with amphiphiles ttiat are known In the art. Additionaiiy, 
a targefing agent may be coupled to any combination of cattonic amphiphite, 
PEG derivative, and co-Hpid or other lipid or non-ltfMd fomnulaiion that 
elliBctuates delivery of a biologtealiy active molecule to a manvnaDan cell. 

DosE^es of the pharmaceutical compositions of the invention will vary, 
depencHng on factors such as half-life of the biologically-active molecule, 
potency of the bfologically-active mdecule, half-life of tiie delivery vehicle, any 
potential adverse effects of tiie delivery vehicle or of degradation products 
thereof, the route of administration, the condition of the patient, and the like. 
Such fadors are capable of determination by tiiose skilled in tiie art 

A variety of methods of administration may be used to provide highly 
acoirate dosages of the pharmaceutical compositions of the invention. Such 
preparations can be administered oraHy. parenterally, topically, 
transmucosaUy. by Injection of a preparation into a body cavity of tiie patient, 
by using a sustained-release fonnulattcxi containing a bkxiegradal^ material, 
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or by onsfte delivery using additional micelles, gels and liposon^. 
NeixiBzing devices, powder inhak^. and aerosolized solutions are 
representative of metiiods ttiat may be used to administer sudtt preparations 
to ttie res|Mratoiy tract. 

Additionally, the tiierapeutic compositions of the invention can in 
general be formulated witti excipients (such as the carbohydrates lactose, 
threose, suCTose, mannrtol, maltose or galactose, and inorganic or organic 
satis) and may also be lyc^ilized (and then rehydrated) in the presence of 
such excipients prior to use. Conditions of optimized formulation for each 
complex erf tlie invention are capable of determination by ttiose sidlled in the 
pharmaceutical art Sel«;tion of optimum concentrations (rf psuHcular 
excipients for particular fbmtiulations is subject to experimentation, but can be 
detennrtined by those sidited in ttte art for each such formulation. 

Examples 

The folbwing Examples are representative of the practice of the 
invention. 

Example 1 Construction and purification of plasmid DNA. 

The construction and characterization of the plasmid ve(*)r pCFI-CAT 
encoding the reporter gene product chloramphenicol acetyftransferase (CAT) 
has been described previously. See Yew et al. Hum. Gene Ther., 8, 575-84 
(1997). pCFI-CAT contains the strong promoter from the human 
c^megalovirus immediate-early gene (CMV), an intron, the bovine growth 
hormone polyaden^ation signal sequence, a pUC cxigin, and ttie 
aminoglycoside 3'-phos^otransferase gene that confers resistance to 
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kanamydn. pCFI-null is analogous to pCFI-CAT except that the cDNA for 
CAT was deleted. pCFA-2^-CAT was constructed by digesting pCFA-CAT 
(Identical to pCFI-CAT except for the addition of a snnall polylinl(er 5' of CMS/) 
witti Pme I (in the polylinlcer) and Bgl I (in CIWV), blunting the ends with the 
Klenow fragment of DNA polymerase 1 , then replicating. This results in 
deletion of nucleotides -522 to -300 of the CMV promoter. 

Site-directed mutagene»s was performed using the QuidcChange Site- 
Dnected Mutagene^s M (Stratagene) following the protocol described by the 
manufacturer. One modification was that multiple sets of oligonucleotides 
were used simultaneously, allowing mutagenesis of three or more ^tes in a 
single reaction. The mutations were confinned by extensive DNA sequencing 
and restriction enzyme mapping to check for plasmid integrity. pCFA-299- 
10M-CAT is deleted of ttie CpG motifs at nucleotides 88, 118, 141. and 224 
(number refers Id tiie C residue wittiin ttie CpG dlnudeotide exc^ where 
indicated and is based on the pCF1-CAT sequence; see Figure 6), and 
contains 10 point mutations atnudeotides 410, 564, 1497 (G to A), 1887, 
2419. 2600, 2696. 3473. 4394 (G to A), and 4551 . 

Plasmid DNA was prepared by bacterial fermentation and puttfled by 
ultratil&ation and sequential column chrc»natography essentially as described 
prevkxisly. See Lee ef a/., Hum. Gene Ther.. 7, 1701-1717 (1996); Scheule 
ef a/.. Hum. Gene Ther. 8, 689-707 1997). The purified preparations 
contained less than 5 endotoxin unrts/mg of pDNA as detennined by a 
chroiTKjg^ic LAL assay (BioWhittaker, Maryland), less than 10 ijq protein/mg 
pDNA as detemvned by tine mtero BC^ assay (Pierce, ilBnois), and less tiian 



wo 01/75092 PCTAJSOl/10309 

-Z2- 

AOuQ of bacterial chromosomal DNA/mg of pDNA as determined by a dot-blot 
assay. They were also essentially free of detectable RNA and exhibited 
spectrophotometric A26(y28o ratios of between 1.8 and 2.0. 
Example 2 In vitro meth^atkm cfpDNA. 

Plasmid DNAs were methylated in viEro in a 5 ml reaction conteining 1 
X NEB buffer 2 [50 mM NaCt. 10 mM Tds-HCI, pH 7.9, 10 MM MgClg. 1 mM 
dithiothreitol], 160 mM S-adenosytmethionine (SAM), 1-3 mg of pDNA, and 1 
UofSsslmethylase(NewEnglandBiolabs)per/ugof pDNA. The mixture 
was incubated at 37°C for 18 h. Additional SAM was added to a 
(xinoentFation erf ISO /^M after 4 h of incubation. Mock treatment of pDNA 
used tire same pnx^ure except ttie Sss I methylase was omitted. 
Mielt^lated and mock-treated pDNA (»ntrtfuged through a Mlttipore 
Probind column, ethanol {Mfedpiteted, and washed with 70% (vA/) ethanol. 
The pDN^ was resuspended In water to^ a final concentration of approximately 
3 mg/rnl. In experiments to examir^ tiie effects of Sss l-mediated methylation 
of pDNA, mock-methylated pDNA was always used as a control. 

The extent of pDNA methylation was assessed by digesting 0.2-0.5 ^g 
of the treated pDNA with 10 U BstU I or Hpa II for 1 hour, then analyzing the 
pDNA i}y agarose gal electrophoresis. Metiiylated pDNA was protected from 
BstU I and Hpa II digestion whereas unmethytated or partially metiiylated 
pDNAwasdeaved. Gel ar^lysis showed that the methylated pDNA was 
completely protected from eltiier BstU I or Hpa II digestion. 

The piasmkis used in these studies were highly purified and c»nteined 
predominant^ the supercoiled form, less tiian 1 endotoxin unit/mg of plasmid 
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and were free of infectious contaminarjis as determined usir^ a tMoburden 
assay. To assess the rc>ie of metfiylation of CpG dinucleotides In the plasmid 
DNA on lung inflammation, the purified pDNAs were eittier methylated or 
mode methylated in vitro using £ co// Sss I mefrtylase. This enzyme 
methylates the cytosine residue {C5) within ail CG diniK;leoUdes. The extent 
of methylation was assessed by monitoring the susceptibility of the modified 
piasmids to d^estion by BstU I or Hpa tl but not Msp I. An Sss l-methytated 
but not the mock-mefhyfated pfasmids were completely protected liom 
digestion with BstU I and Hpa II (data not shown). Methylation of pCFI-CAT 
also resulted in an approximately 5 fold reduction in expression lev^ 
following Intranasal administration into lungs of BALB/c mice (Figure 7). 

Cytokine levels in the mouse BALF were quantitated using enzyme- 
linked immuno^iMfaent assay (EUSA) k^ as specified by the manufiacturers. 
IFN-y, TNF-a. IL1-a, IL-ip, IL-10 and iL-6 EUSA kits were from Genzyme 
Corporation, mKC, MIP-2 and GiW-CSF ELISA kits were from R&D Systems, 
and Leukofrfene 84 ELISA kit was from Perseptlve Diagnostics. 

The procedures for processing the lung tissues and assay of CAT 
enzymatic acBvity have been described elsewhere. See Lee et al.. Hum. 
Gene Then, 7, 1701-1717 (1996); Yew et al.. Hum. Gene Then. 8, 575-84 
(1997). 

Example 3 Nasal instillation of cationic lipid:pDNA complexes into mice. 

Ttie catk}nic lipid.pDNA complexes were formed by mixing equal 
volumes of GL-67:DOPE (1:2) with pDNA as described previoudy (Lee et al.. 
Hum. Gene Ther,, 7, 1701-1717, 1996) to a final concentration of 0.6:1.2:3.6 
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mM (GL-67:DOPE:pDNA) or 0.3:0.6:1.8 mM, as Indicated In the figure 
fegencfe. Ttie DMA concentratfon is expressed in terms of nucleotides, using 
an average nucleotide molecular weight of 330 daltons. BALB/c mice were 
instilled Intranasally with 100 lA of compl©< as described. See Lee al., 
Hum. Gene Ther., 7, 1701-1717 (1996); Srfieule ef a/., Hum. Gene TTier., 8, 
689-707 (1997), The animals were euthanized and their lungs were lavaged 
24 h post-lnstiliation using phosphate-buffered saline (PBS). The recovered 
BALF were centi%tged at 1 ,500 rpm for 4 min, and ttie resulting supematants 
were removed and frozen at -80°C for subsequent c^okine analysis. The cell 
peHete were resuspended in PBS for microscopic determination of ceil 
number and cell types. 

Exampte 4 Composition of bronchoatveolar lavage fluid after administra&on 
of cationki lipid:pDNA complexes harboring either meU)^ated or unn^ylated 
pDNA. 

The Sss l-methylated (m)pDNA or unmethylated pDNA were 
ccmplexed with the cationic lipid GL-67 and then instilled intranasally into 
BAl£/c mice. Separate groups of mice were instilled with either (m)pDNA or 
unmethylated pDNA alone, or vehicle, and their bronchoalveolar lavage fluids 
collected for analysis at 24 h post-treatment. 

To d^emiine wheth^ methyiation of pDNA affected the InllanHnatory 
response in the lungs, the levels of several different cytokines In the BALF 24 
h after instillation were measured. Signiffcantly higher levels of TNF-a, IFN-y, 
ami to a iesser extent IL-6, were found in the BALF of mice ttiat received GL- 
67:pCF1-CAT when compared to tiiose administered 6L-67:(m)pCF1-CAT 
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(Rgure 2). Levels of murine KC were also elevated following instillaflon of the 
cationic rq>fd:pDNA complexes but there was no significant drflerence in the 
levels of the cytokine induced by either methylated or unmethylated pDNA 
oomf^ed with 6L-67. In contrast, low levels of these four cytokines were 
pr^nt after instillation with 6L-67 ^one, (m)pCFI-CAT alone or 
unmethylated pCFI -CAT alone (Figure 2). However, altiiough the levels of 
TNF-a, IFN-Y and iL-6 were low in fine BALF of animals treated with fr^ 
pDNA compared to complied pDNA, the levels of ttiese cytoldnes were 
Invariably higher in the group that received free unmethylated pDNA alone 
than In tt» group administered {m)pCF1-CAT. The cytoldn^ IL-10, 
ieukotriene BA, iL-1p. IL-lo, MIP-2. and 6M-CSF were also assayed, but In 
eadi case the levels were low sund incRstbiguMiable from those attEuned in 
naive animals (data not shown). These r^ults indicated that unmethylated 
pC»4A w^ Inflammatory in the lung and that this response was exacerbated 
when the pDNA was present in a complex witti GL-67. Furthermore, of the 
qrtokines induced by administralion of GL-67:pCF1-CAT complexes to the 
lung, while TNF-«, IFN-y and a proportion of ttie IL-6 were primarily due to the 
presence of unmethylated pDNA. The cafa'onic lipid GL-67 did not contribute 
significantiy to the cytokine induction in ttie BfiLF with the exception of KC 
where it appeared to woric in concert with pDNA to increase its level. 

The character of the inflammatory response induced by GL-67:pCF1- 
CAT was also evaluated by measuring tfie total number of ceiis and the 
diftorential counts recovered in the BALF of the treated animals. Elevated 
numbers of polymorphonuclear (PMN) leukocytes were present 'm the BALF 
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of mice that were Instilled with 6L-67:pDNA compared to mice fliat received 
either GL-67 atme or pDNA £done (Figure 3A). The mettiylaSon stetus of the 
pDNA in flie GL-67 :pDNA complex did not significantly affect the overall cell 
number. However, animals administered {m)pCF1-CAT alone (4 separate 
e}q}eriments) consistently showed a slight reduction in the tot^ number of 
PMN leukocytes in comparison to those that received pCF1-CAT. An analysis 
of the different cell types showed m increased proportion of neutrophils in 
mice that received GL-67:pCF1-CAT compared to mice that received GL- 
67:(m)pCF1-CAT (Figure 3B). This increase was also observed after 
instillation of pCFI-CAT alone compared to (m)pCF1-CAT alone. Together, 
these data VKBcate that ttie induction in cellular influx was mediated by both 
the cationic lipid and pDNA. However, administration of unmethylated pDNA 
rather than methylated pDNA into the lung can result In an increase In the 
number of PMN leukocytes, particularly neutrophils, in the BALF. 

Since pCFI-CAT expresses high levels of the CAT reporter enzyme, 
whfch is a bacterial protein, there was the possibility that the (ytokine 
response was due to the expr^lon of the foreign protein. TTierefbre 
experiments were repeated using a plasmid vector that contained the same 
plasmid backbone but lacked any transgene (pCFI-nuli). The cytokine 
induction profile after acfrnirtistration of niethylated or unmethylated pCF1-null 
complexed with GL-67 was essentially identical to that attained with pCFI- 
CAT (data not shown). This confimned that the plasmid DMA itself and not 
ex(»ession of the bacterial CAT was responsible for the observed cytokine 
inducHon. 
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ExampteS Dose-dependent r^eOionship between unmeth^ted pDNA end 
cytiMie tevBfs. 

To determine whether there was a dose-dependent relationship 
between the amount of unmettiyiated pDNA administered to the iung and the 
levels of induced cytokines, (m)pCF1-CAT was mixed wfth pCF1-CAT at 
different ratios before complexing vwth GL-67. The dose of GL-67 and the 
tot^ amount of nucieotides d^lvered remained constant In tins experiment 
MIP-2 and IL-12 were assayed in addition to TNF>a. IFN-y. iL-6. and mKC. 
As the proportion of unmethylated pCFI-CAT in the complex increased, there 
was a conesponding increase in the levels of TNF-a, IFN-y, IL-6, and IL-12 
(Figure 4). With tFN-y, IL-6 and IL-12, the stimulated increase in cytoidne 
levels was maximal when the ratio of methylated:unmethylated pDNA was 
1:2. This dose-dependent relationship supports the proposal that the 
incfticHon of TNF-a, IFN-y, IL-6, and iL-12 in the BALF were in direct response 
to the presence of unmethylated pDNA. This trend was not observed for 
either KC or MIP-2, consistent with the observations above (F^ure 4). 
Example 6 Hi^f^athological changes in the lung after administrsU(m of 
cattonic lipid:methylated pDNA complexes. 

The histopathoiogical changes within BALB/c mouse lungs following 
adm^istration of either cationic lipid alone, pDWK alone, or cafionic 
lipid:pDNA complexes were also examined. BALB/c mice were instilled 
intranasally with GL-67:(m)pCF1-CAT, GL-67:pCF1-CAT. GL-67 alone, 
{m)pCF1-CAT, pCFI-CAT, or water (vehicle control). Mice were sacrificed 2 
days post-insbHation and the lungs were processed for histological 
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^amination in a biinded manner. 
Histopathotogy. 

Lungs were fixed by inflation at 30 cm of HgO pressure with 2% 
paraformaldehyde and 0.2% glutaratdehyde. Representative samples were 
taken from each iung lobe, embedded in glycol methaciylate, sectioned and 
stained with hematoxylin and eosin. Histopathology on the lung was 
evaluated in a blinded fashion and graded subjectively using a scale of 0 to 4, 
with a score of 0 indicating no abnonnal findings and a s(xxe of 4 reflecting 
severe changes with intense infiltrates See Sdieute etal.. Hum. Gene Then, 
8.689-707(1997). 

Muitifbcal areas of alveolar Inflammation were observed in mice that 
received GL-67:pDNA complexes. The extent of iung inflammation was 
graded using a scale flrom 0 to 4, with 0 Indicating no afcwionnalities, 1 
incficating a minimal change, 2 a mlid change, 3 a moderate dhange, &n6 4 
representing severe changes from a nonnal lung (Figure 5). There was no 
significant difference in the inflammation score of lungs that recced GL- 
67:pDNA compared to lungs that received GL-67:(m)pDNA complex. Lungs 
ttiat recaved GL-67 alone were scored slightly lower than lungs that received 
llpid'.pDNA complex, while minimal inflammation was observed in lungs that 
received either pDNA or (m)pDNA alone. These results Indicated that the 
presence of unmethylated CpG mottfs on the pDNA did not grossly affect the 
histopathological changes observed in the lung after administration of catlonic 
lipid:pDNA complexes. Furthermore, the majcNity of the histologfcal changes 
observed upon administration of ttte c(»nplexes was mediated by the cationic 
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Example 7 Effect of mutating immunosffmulatory CpG moUfs w^in pCF1- 
CAT 

If a subset of the unmetti^ted CpG dinudeotides present in pCFI- 
CAT were responsible for the majbri^ of ttie cytoldne response, then 
elimination of these particular CpG motifs may reduce the level of induction. 
There are 17 motifs In pCFI-CAT having the sequence 5'-I^CGYY-3, which 
have been prevfou^ shown to be the sequence context HI which the C^G 
motif was found to be most immunostimulatory (Figure 6). Fourteen of these 
motifis were eliminated by either deletion or site-directed mutagenesis. The 
four CpG mofifis located wi&iin the CMV promoter (at nudeottde positions 88, 
118, 141 and 224) were removed by deletion of a 400 bp fragment containing 
a portion of the upstream enhancer region, to create pCFA-299-CAT (Figure 
6). Ten ofihe thirteen remaining motifs (at positions 410, 564, 1497, 1887. 
2419. 2600, 2696. 3473, 4394 and 4551) were modified using site-directed 
mutagenesis to create pCFA-299-10IW-GAT (Figure 6). The e^tosine residue 
In each motif was mutated to a thymidine residue in each case, the 
exception of one motif (nucleotide 1497) within the coding sequence for CAT, 
and one motif (nucleotide 4394) within the l<anamycin resistance gene. With 
these two motifs, in order to pres^ve the coding sequence for ttie respective 
proteins, ttie guanidine residue of tfie CpG dinucleotide was changed to an 
adenoskie residue. It was not possible to mutate the residue at nucleotide 
2789 wfuch is located wittiin the proximity of ttie origin and which is 
speculated may be essential for pteesmid replication. 



WO01/7S«92 PCT/IBOl/10309 

-40- 

The plasmids, pCF1-CAT. (m)pCF1-CAT, pCFA-299-CAT. and pCFAr 
299-10M-CAT were complexed with catlonic lipid GL-67 then Instilled 
intranasally into BALB/c mice. Twenty-four hours after instillation, BALF was 
coilected for q/tokine analysis and the lungs harvested for CAT assays. 
Expression from pCFA-299-CAT, containing the truncated CMV promoter, 
was approximately one-third that of pCF1-CAT (Figure 7). The expression 
from pCFA-299-1 OIW-CAT was equivalent to pCFA-299-CAT, Indicating that 
the Introduction of the 10 point mutations dW not affect transgene repression 
(Figure 7). As before, high levels of TNF-a, IFN-y, IL-6, and lL-12 were 
present in the BALF of mice that recced unmethylated pCFI -CAT (Figure 8). 
However, ecpially high levels of these qrtoldnes were also observed with 
pCFA-299-CAT and pCFA-299-10M-CAT. Therefore, reducing the content of 
CpG motifs within the plasmid did not reduce its abUity to elevate cytokine 
levels In the lung. This suggests that removal of other immunostimulatory 
motife In addition those harboring the consensus 5'-RRCGYY-3' are 
necessary to abate the inflammatory response. 

Exampte 8 Effact of InhibiOng mHux and cytokine ac^thn in the lung on 
CAT expression. 

Alttiough mutation of the plasmid vector was ineffective at redudng the 
inflammatkm in the lung, it has been shown previously that injecflon of 
antibodies against iy^ac-1 a and LFA-1 can limit the influx of neutn^iis and 
induction of TNF-a. This method was used to determine the effed of 
bansi^tly reducing the inflammatory response on CAT express. 

Neutrophil influx into the lungs of BALB/c mice was inhibited by 
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systemic administration of a combinatbn of the antibodies against Macula 
and LFA-1 as described pnewousiy. See Scheule et aL, Hum. Gene Then, 8, 
689-707 (1997). Tlie monoclonal antibody recognizing murine Mac-la (clone 
Ml/70: ATCC; TIB 128) was generated from ascites and that recognizing 
LFAr1 was obtained from R&D Systems. Briefly, to inhitnt neutropliil infliix, 
100 [A of a mixture containing 40 tA of Mac-la ascites fluid and 40 jul of anU- 
LFA-1 antibody were injected by tail vein into the mice at approximateiy 10 
min. prior to administration of the caUonic lipid:pDNA complex. Mice were 
sacrificed at various time points post-instillation, their lungs lav^ed, and the 
resulting BALF analyzed for c^okine levels and ceil counts. 

Mice were injected via the tail vein vvifh a mixture of ttie two antibodies 
just prior to Instillation of GL-67:pCF1-CAT into the lung. Celltypesand 
cytoldnes in flie BAU= and CAT ac^vity In flie lung were assayed at day 2 and 
7 post-instmation. In mice that were pretreated with the anttliodies, there was 
a significant decrease in the number of neutrophils; in the BALF as well as 
deraieased levels of TNF-a, IFN-y. and IL-12 (Figure 9). Conconiiteintwith this 
decrease in cytokine levels was a greater than 4 fold increase in CAT 
expression at day 2 post-instillation (Figure 10). Approximately equivalent 
levels of CAT were present at day 7. These findings indicate, that by reducing 
the neutrophil influx and cytokine inducUcm in the lung a significant 
enhancement in transgene expression could be attained. 
Example 9 Effects of modSica^n oftiie pDNA vector by ^e-directed 
metagene&s. 
Mouse s^/een ceBs 
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6-8 week old 8ALB/C mice were sacrificed by cervical dislocation. 
Spleens were excised and placed In sfeilie PBS on Ice. to prepare single cell 
suspensions, tiie spleens were placed in a tissue culture dish in PBS and 
crushed between the frosted edges of two sterile microscope slides. Cells 
were pelleted by centrifiigation at 1200 rpm for 8 min., and washed 3 times in 
PBS. After the final wash, the cells were resuspended in RPMI medium 
supplemented with 25 mM HEPES buffer, 10% fetal bovine senjm, 2 mM L- 
giutamine, and 50 ixM 2-mercaptoett)and (2-ME). The resuspended ceils 
were then plated at 6 x 1 0^ cells /mlAwell in 24-well culture plates. 
Supematent were collected 24 hr after addition of oligonudeotides or piasmid 
DMA for the measurement of cytokine (11-12) productkm. 
Stte-<lbfB<^ed mutagene^s 

Site-directed mutagenesis was performed using the Quidt-change 
mutagenesis kit (Stratagene) accordkig Id the protocol supplied by the 
manufacturer. In general, the cytosine within ttie CpG dinucleotide was 
changed to a adenine. In some cases the guanine was changed so as not to 
alter the coding sequence. The mutations were confirmed by DNA 
sequendng. 

Plasmkt vector construction 

The vector pCFA-CAT has been described prevk)usly (see Example 1). 
A 2.6 kb Sph I flragment from pCFA-CAT containing the kanamydn resistance 
gene and replrcatfon or^in region was isolated and ligated to itself to form 
pOri-K. To con^ct the CpG reduced plasmids, a 995 bp fragment encoding 
the S-amim^ycoskiase gene (kanamyc^ resistance gene) and a 721 bp 
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fragment encoding the E. coil diloramphenlcol acetyltransfeiase (CAT) gene 
were synfliesized lay Operon Tedmotogles (GeneOp). A 740 bp fragm&nt 
encompassing the origin of replication was amplified by ttie polymerase chain 
reaclton (PGR) from pCFA. This region conesponds to nucleotides 1894 to 
2633 of pUC19. The synthetic kanamydn fragment and tie origin firagment 
were ligated to form pOri-K syn. To construct pGZA-CAT, the CAT gene from 
pCFA-CAT was first r^iaced with the synthetic CAT gene. From this 
consbuc^ a 2 kb Sph I fragment containing the CMV promoter, intron, 
synthetic CAT, and bo>4ne growth homnone polyadenylation signal was 
isolated and legated to pOri-K-^n to fonm pGZA-CAT (Figure 1(a) and Figure 
1(b)). 

A slmiiar procedure was followed to construct tiie CpG reduced 
plasmid pGZF-HAGA (Figure 1(c) and Figure 1(d)). pGZF-HAGA. which 
encodes for human a-galactosidase (Medin PNAS 93:7917 (1996)), contains 
only 66 CpGs compared to 482 CpGs for pCFA-HAGA. A 2401 bp DNA 
segment was synthesized iy/ Operon Technologies, Inc. (Alameda, CA). This 
DNA segment contains the CIWV enhancer/promoter, a t^rtd intron, the 
human a-galactosidase cDNA, and the lx>vine growth hormone 
polyadenylation signal. Several modifications were incorporated into the 
sequence to remove CpG motifs and to optimize expresston. The CG 
dinudeotides within the CMV enhancer/promoter and hybrid intron were 
dianged to TG. The codons within the human a-galactosidase cDNA were 
optimized far repression In human cells, and Uien all CG dmudeotides were 
remoyed v\rittiout altering the codir^ sequence. The sequence immediately 5' 
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to the franslationai initiating ATG was dianged to an optimal Kozak sequence 
(GCCACCAT6). The stop codon was changed to TGAA, which has been 

shown to be the most effident sequence for tennmating translation. A CpG 
defk:ient version of the core sequence from the human a-gtobin stabilify 

was added immediately 3' to the a-galactosidase cDNA. (This sequence has 
been shown to increase the stability of some RNA messages and in turn 
incr^se transgene express.) Finany, the 2401 bp synthefic TOIA segment 
was ligated to pSiCAN+ori571/871 (see Fig. 1 7) to fonn pGZF-HAGA. 
^fodiffca^fon of the pDNA vedw by sHe-directed mutagenesis 

The plasmid expression vector pCFACAT ccmtafns the enhancer and 
promoter from the immediate early gene of cytomegalovirus, an intron, the E. 
coli chloramphenicol acetyltransferase reporter gene, tiie bovine growth 
honnone pol^d^ytation ^nal, a C0IEI replication origin region, and a 
l^namycin resistance gene. Counting both strands of the plasnud, there are 
in total 526 CpG dinucleotides (Table 1). 

Site-directed mutagenesis was perfonned on ttie CpG ates within the 
replication origin region and Icanamydn resistance gene, which contain the 
largest number of tiiese sites. In most cases the CG dinucieotide was 
c^r^ged to a CA, witii some ^ceptions where the mutations were designed 
not to alter coding sequence. Within the kanamycin resistance gene thirty 
two of 1 1 7 CpG sites were eliminated. Within the r^lication origin region 
mar^ of the attempted, mutations apparentty destiroyed replication function, 
and only eight of 161 CpG sites were eliminated. To compare the relative 
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stimuiabMy activity of the unmodified and mutated replication origin region and 
kanamydn resistance gene, firagments encompassing these regions were first 
amplified by the polymerase chain reaction, then equal amounts of each 
fragment were added to mouse spleen cells and the levels of IL-12 were 
measured 24 hours later. Both fragm^frts induced high levels of IL-12 
(Fig.1 1 ), consistent with the Itnown stimulatory activity of E. coll derived DNA. 
The mutated icanamycln resistance gene induced 50% less iL-12 Irom the 
nmuse spleen ceils compared to tfie unmodiRed gene. Hie mutated 
repiicatiCMi origin region also induced lightly less IL-12 compared to the 
unmutated region. These results indicate that reducing the numt^r of CpG 
sites within a given DNA segment reduces stimulatory activity. 

An alternate approach to mutagenesis for reducing the number of CpG 
sites within the replication origin region was to determine the minimal 
fragment ttiat could still l^e fur)ctionai. Previous studies have shown ttiat the 
minimal region required for DNA replication encompasses the origin and 
appnndmate^ 999 bp upstream, v^ich ^codes the RNA it primer. The 
region was decreased in size 1ix>m 1276 bp to 740 bp, eliminated 65 CpG 
mofife, but remained fully competent for replication. When tested on mouse 
spleen ceils, the shortened replication region induced levels of IL-12 similar to 
that of tha mutated origin. However on a per piasmid basis this minimal 
replication fragment contributes significantly fewer CpG motifs. 

Based on these data, further reductions in stimulatory activity were 
iikely to be adiieved by eliminating additional CpG-S sites. Instead of 
peilbnning addtional mutageneas, the fifagment encoding the icanamydn 
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resistance gene was synthesized by assembly of several overlapping 
oligonucleotides. The sequence was designed to eliminate all CpG 
dinucleotides without altering the amino acid sequence. The fragment 
encoding the CAT reporter gene was synthesized in a similar fashion, 
eKminating78ofthe60 CpGsites. Whm tested on mouse spleen ceils, 
these CpG-deficient fragments were essentially non-stimulatory, with levels of 
IL-12 equal to that of the vehide control. These results demonstrate that 
large C^jA firagments can be made non^mulatory by the elimination of CpG 
sites. 

Example 10 Stimulator actrV^ oftfie CpG reduced vector 
Adm'ml^raSon ofcait!onicUpid:pDNA canplexes Into mice. 

For systemic delivery, cationic lipid:pDNA complexes were fonned by 
mi)dng equal volumes of GL-62:DOPE (15) with pDNA as described 
prevtousty (Lee ei a/., 1996) to a final conc^tration of 0.6:1.2:3.6 mM (GL- 
67:DOPE:pDNA). The DNA concentration is expressed in tenns of 
nucleotides, using an average nucleotide molecular weight of 330 Oaltons. 
BALB/c mice were injected via the tail vein with 1 00 ml of complex. Serum 
was collected 24 hours post-injecfion. 

For delivery into the lung, complexes of GL-67:DOPE:pDNA were 
instilled intranasally into BALB/c mice with 100 pi of complex as described 
(Lee et a/., 1996; Scheute et al., 1 997). The animals were euthanized and 
their lungs were lavaged 24 h post-instillation using phosphate-buffered saline 
(PBS). The recovered BALF were centrifuged at 1 ,500 rpm for 4 min., and 
the resulting supematants were removed and frozen at -BO^C for subsequent 
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cytDkbie analysis. 

Cytoldne and CAT acOvity assays. 

Cytokine levels were quantitated using enzyme-linlced immunosoriDent 
assay (ELISA) Idte as specined by the manufacturer (Genzyme Coiporation, 
Framingham, MA). Our procedures for processing the lung tissues and assay 
of CAT enzymatic acti\rfty have beetn desciibed elsewhere (Lee et si., 19^; 
Yew era/.. 1997). 

Stmulab^aiaMty of the CpG reduced vei^r 

The synthetic kanamycin resistance gene and the minimal replication 
. or^m regton were ligated together to ftwrn pOri-K-syn. This plasmid contains 
96 CpG ates conr^jared to 288 CpG sRes in the plasmid pOil-K composed of 
the unmutated kanamycin resistance gene and unmodified replication origin 
region (Table 1). The plasmids were added to mouse spleen cells in vitro and 
the levete of IL-12 in the supernatant were measured 24 hours later. The 
levels of JL-12 induced by pOri-K-syn were significantly reduced to 
approjdmately 20% of that induced by pOri-K (Figure 12). 

The pOri-K-syn was then used to reassemble the modified low CpG 
fonm of pCFA-CAT. The CMV enhancer-promoter was left unaltered because 
of concerns that mutations within this region would decrease promoter 
acSvity. Thelntronand 

polyadenylation was also unchanged, but these regions were found to be only 
weakly immunosttmuiatory when tested on mouse spleen cells (Rgure 11). 
The synthetk; CAT gene was used in ptece of ttie unmodified CAT gene. The 
final reassend}led vector pGZA-CAT contains 256 CpG sttes compared to 526 
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siles in pCFA-CAT. When tested on mouse spleen ceHs the levels of IL-12 
were approximately 35% of that Induced by the unmodified pCFA-CAT (Figure 
12). Th^efore, by eliminating greater than half of the CpG motifs in pCFA- 
CAT, a significant reduction fri ttie in vibo immunostimulatory activity of the 
pDNA was acNeved. 

To assess the stimulatory adwity of pGZA-CAT in wfw, the vector was 
comptexed with catlonrc lipid GL-62, then injected intravenously Into BALB/c 
mice. Serum was collected 24 hours post injet^on and the cytoidne levels 

measured by ELISA. Cationic lipid-pDNA complexes induce high levels 
of ttie inflammatDry cytokines IFN-y. IL-12, and lL-6 (Figure 13). In contrast, 
the levels of (qrtokines in the serum after Injection of GL-62:pGZA-CAT were 
decreased significantly compared to the levels induced by QL-62:pCFA-CAT. 
Figure 13 shows that the levels of IL-12, IFN-y and IL-6 were reduced 43%, 
81% and 78% respectively. Importantly, the expression level of CAT was not 
decreased by tiie modifications. On the contrary, there was an apparent two- 
fold increase in expression from pGZA-CAT compared to pCFArCAT. 

The pGZA-CAT vector was also complexed with cationic lipid GL-67, 
then instiiled Intranasally into the lungs of BALB/c mice. Bronchoalveolar 
lavage fluki was collected 24 hours post Injection, and the levels of c^kines 
were measured by ELISA. Compared to the levels induced by 6L-67:pCFA- 
CAT complexes, there was a trend toward decreased levels of iL-12, IFN-oc 
and IL-6 In the BALF after instillatfon of GL-67:pGZA-CAT (F^ure 14). 

In ttiis instance 270 out of 526 CpG dinucieotides were eliminated in a 
reporter plasmkf (pCFA-CAT). The inflammatory response to catfonic lipkl:p- 
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DNA complexes containing the modified vector (pG2A-CAT) was tested after 
systemic or intranasal delivery into BALB/c mice. Compared to the 
unmodified vector, tlie CpG-reduced pGZA-CAT was found to be significantly 
less sHmulafDry, as the levels of IL-12, IFN-y, and IL-6 In the serum 24 hours 
after intravenous delivery were reduced tiy 40-80%. Similar reducHons in 
cytokine levels were observed in the bronchoalveolar lavage fluids after 
intranasal administration, while the levels of reporter gene expression were 
ndt afii^Jled by the modifications. The data demonstrates that strategies that 
reduce the number of CpG dinucleotides will result in aiiaiement of its overall 
immunostimulatofy activity in vitro and in vivo. 
Example 11 InhMion of ILr12 production from mouse ^3leen ceffs vvi^ 
(^loroquine and quinacrine. 

Another strategy to reduce the stimulatory properties of the pDNA 
vector is to use specific inhibitors of ttie CpG signaling perthway. Chloroqulne 
and quinacnne have previously been shown to inhibit the immunostimulatory 
properties of oligonucleotides containing CpG motift in vitro. These 
compounds were tested for their ability to Inhibit the stimulatory properties of 
pDNA and cationic lipid-pDNA complies in vitro and in the mouse lung. 
pCFA-CAT together witii chloroqulne or quinacrine was added to mouse 
spleen ceils and tt\e levels of IL-12 In tiie culture medium were measured 24 
hours later. Figure 15 shows tiiat co-addition of 10 ^uM of chtoroquine or i jM 
of quinaraine effectively decreased the levels of (L-12 induction to near 
t)acl^round levels. The compounds at these conc^bations had no 
discernible effect of cell viability or on expression of the CAT reporter gene. 
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To determine if chioroquine and quinacrine could inhibit sfimuiation by cationic 
lipld-pDNA c»mpi^es, chioroquine and quinacrine were added together with 
a complex of cationic lipid GL-67 and pCFA-CAT. Figure 1 5 shows that 
addition of 10 nM of chioroquine or 1 |iM of quinacrine was sufficient to 
reduce the levels of IL-1 2 induction by GL-67:pCFA-CAT to near badtground 
levels. 

Example 12 CytoMne profiles in bmnchosdveolar lavage fftud after mstillation 
ofcaltoruc ^id:pDNA complex pftis c/ifcvogu/ne or quirmcrine. 

Chioroquine and quinacrine were also instilled with complexes of GL- 
67 and pCFA-CAT into the lungs of BALB/c mice. BALF was colleded 24 
tours post4nstHlaflon and cytokines were measured by ELISA. The addiSon 
of 10 fM chioroquine (Figure 16(a) or 0.1 quinacrine (Figure 16(b) 
decreased the levels of IL-12, TNF-a, and IFN-y by 50 to 70% compared to 
levels eSter Initiation of complex alone. Higher concentrations of either 
chioroquine or quinacrine did not further decrease cytokine levels. The levels 
of CAT expression were not affected by ttie addition of either compound 
(Figures 16(a) and 16(b)). These results suggest that low concentrations of 
chioroquine and quinacrine can effectively reduce the inflammatory response 
associated with instillation of cationic iipid-pDNA complexes into the lung. 

The results demonstrate that tmown inhibitors of the CpG agnaling 
pathway reduce the levels of inflammatoiy cytokines. Two such inhibitors, 
chioroquine and quinacrine, greatly reduced the inductton of IL-12 production 
from mouse spteen cells in vitro, and inhfixted -cytokine production m the lung 
by 50% witiiout affecting gene expression. The use of a less stimulatory 
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pDNA vector together vnth inhibitors of CpG stimulation reduce the toxicity 
associated with cationic lipid-pDI^ complexes and thereby increase the 
safety of non-viral gene therapy. 

Example 13 The role of the methylation state of the CpG maUfs in pCFICAT 
on tt^ toxicity observed fo^wing syslemto administration of GLr67:pCF1 CAT 
complex, 

GL-67:DOPE:DMPEPeg5000 (1:2:0.05; molar ratio) was hydrated in 
sterile, pyrogen-free water to a concentration of 4 mM GL-67. Plasnyd 
DNA(pDNA) was diluted in sterile, pyrogen-fi"ee water to a concentration of 4 
mM. GL-€7.pDNA complex was prepared by adding an equsd voiun^ of 
cationic Kpid su^nsion to an equal vc^ume of pDIMA foiiowed 1:^ gentle 
mixing to achieve homogeneity of the suspension. The mixture was then 
incubated for a minimum of 15 minutes and a maximum of 60 minutes before 
injection. Complex was prepared using the following types of pDNA: 
1) untreated pCFICAT [pCFICAT which has not been modified following 
column purification; 2) methylated pCFICAT [pCFICAT on which the CpG 
mottfs have been methylated with SSS-I mefliylase; 3) mock methylated 
pCFICAT [pCFICAT which has undeigone the methylation reaction but 
where the methylase was absent from ttie reaction mixture]. 

Eight female BALB/c mice per group were injected with a 100 nl bolus 
of either GL-67:pDNA complex or vehicle via the tall vein. At approximately 
24 hours post-injection, whole blood and serum were cc^iectod from the mice 
by retro-orbital bleed. Whole blood undenwent a comfdete hematology scan 
for whidi a representative but not exdusive set of parameters follows: white 
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biood celi count (WBC), white biood cell diif^ntial, red blood cell count 
(RBC), hemoglobin, and platelet count Senjm was also analyzed for a small 
animal serum chemistry profile for which a representative but not exclusive 
set of parameters follows; serum transaminases (alanine amirmtransferase 
[ALT], aspartate aminotransferase [ASTD. creatinine Itlnase, billnjbin, senim 
protein levels Including albumin and globulin levels, blood urea nitrogen, 
electrolytes, and glucose. Senim was also tested using enz^e-ilnked 
immunoassay (ELISA) lots from R&D Systems for the presence of the 
fotlowing representative cytokines- Interieut^ 6 (IL-6), interieuicin-12 (iL-12), 
and interferon-gamma {IFN-y). 

Prior toxicology studies have indicated that the physiotogical changes 
mediated by systemic administration of cationic lipid:pDNA comply are 
characterteed in part by statistically significant elevations in serum 
transaminase (ALT, AST) levels and In the cytokines IL- 6, IL-12, and IFN-y 
as compared to vehicle treated animals. Elevations in serum transaminase 
(ALT, AST) levels are generally accepted as indicators of liver toxidty, 
although other clinical measures of liver damage are certainly recognized and 
could be substituted. Two sources for more detailed information on the 
diagnostic tests and uses of clinical chemistry are Fundamentals of Clinical 
ChanOstry, N.W. Tietz, Editor, Saunders, Philadelphia, 1976 and ainlcal 
Diagnosis by Laboratory Methods, 15th ed., Saunders, Philadelphia, 1974. 
Cytokine leveis were measured as an indicator of inflammation; the panel of 
cytokines selected are generally accepted as a pro-inflammalory set 
However, prior toxfeology studies Indicate that inductton of more than this 
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subset of (^okines occurs following systemic administration of canonic 
Hpid:pDNA complex. Therefore, this (q^oidne panel should be viewed as a 
representative but not exclusive measurement of the cytokine response 
gen^ated by cationic llpid:pDNA complex. A source of additional information 
on Vne relation of inflammation and cytoldn^ other blood soluble medrators of 
cell to cell interactions can be found in Immunology, 5th ed.. Mosby 
International Ltd, London. 1998. 

Mice Injected with both GL-67:untreated pCFICAT complex and GL- 
67:mock methylated pCFICAT complex show significant elevations in serum 
transan^ase (ALT, AST) levels as well as a agnificant elevations m l&veis of 
IL-6, IL-12, and IFN-y as compared to vehicle treated animals. Mice Injected 
with GL-67:methyiated pCFICAT ccmpiex also show significant elevations in 
seium transaminase (ALT, AST) levels but have levels of IL-12 and IFIM-y 
which are dose to those observed in vehicle treated animals. These results 
illustrate that methylation of CpG moflfe in pCFI CAT blocks inducb'on of IL-12 
and iFN-Y expression but does not alter the systemic toxiclly obsen^ed 
following administration of 6L-67:pCF1CAT complex as Indicated by serum 
transaminase levels. 

Example 14 The role of CpG mo&k in pCFICAT on the taxkaty observed 
following systemic administration of GL-67:pCF1 CAT complex. 

GL-67:DOPE:DMPEPeg5000 (1 -.2:0.05; molar ratio) was hydrated in 
sterile, pyiogen-free water to a concentration of 4 mM GL~67. Plasmid 
DNA(pDNA) was diluted in sterile, pyrogen-lree water to a conoentrafion of 4 
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mM. GL-67:pDNA cc»nplex was prepared by adding an equal volume of 
cationic lipid suspension to an equal volume of pDNA fc^lowed by gentle 
mixing to achieve iiomogeneity of ttie suspension. Tlie mixture was then 
incubated for a minimum of 15 minutes and a maximum of 60 mbiutes before 
infecb'on. Complex was prepared using the fdlowing types of pDNA: i) 
pCFICAT and 2) pGZACAT (a pfasmid vector in which the total number of 
CpG motifs has been redu{^d by 50% relative to pCFICAT). 

Eight female BALB/c mice per group were injected witti a 100 jul boius 
of eittier GL-67:pDNA complex or vehicle via the tail vein. At approximately 
24 hours post-injection, whole blood and serum were collected from the mice 
by retRM}rbital bleed. Whole blood was sent for a comply hematology scan 
for which a representative but not exclusive set of parameters follows: white 
blood cell count (WBC), white blood cell differential, red blood ceii count 
(RBC), hemoglobin, and platelet count Serum was also sent for a smaH 
animal serum chemistry profile for which a representative but not exclusive 
set of parameters follows; serum transaminases (alanine aminotransferase 
[ALT], aspartate aminotransferase [AST]), creatinine kinase, biliratxn, serum 
protein levels including albumin and globulin levels, blood urea nitrogen, 
ele(^olytes, and glucose. Serum was also tested using enzyme-iini(ed 
immunoassay (ELISA) idts from R&D Systems for the presence of the 
following representative cytokines- Interleukin 6 (IL-6), interieukin-12 {IL-12), 
and interferon-gamma (IFN-y). 

Prior toidcology studies have indicated that the physblogical changes 
mediated by systemic administration of cationic iipkJ:pDNA complex are 
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characterized in part by statistically significant elevations in serum 
transaminase (ALT, AST) levels and in the (^oidnes IL- 6, IL-12, and IFN-y 
as compared to vehicle treated animals. Elevations in serum transaminase 
(ALT, AST) levels are generally accepted as indicators of liver toodcity, 
although other dinical measures of liver damage are certeinly recogruzed and 
could be substituted. Two sources for more detailed information on the 
diagnostic tests and uses of dinical chemistry are Fundamentals of Clinical 
Chemistry, N.W. Tietz. Editor. Saunders. Philadetphia, 1976 and CBnical 
Diagno^ by Laboratory Methods, 15th ed., Saunders, Philadelphia, 1974. 
Cytokine levels were measured as an indicator of inflammation; tlie panel of 
(^kines selected are generally accepted a pro-inftemmatory set. 
However, prior toxicology studies indicate tiiat induction of more than tiiis 
subset of cytokines occurs following systemic administration of catk)nlc 
lipid:pDNA complex. Therefore, this cytokine panel shouM be viewed as a 
representative but not exclusive measurement of the cytokine response 
generated by cationic lipid:pDNA complex. A source of additional information 
on tiie relation of inflammation and (^okines/ other blood soluble mediators of 
cell to cell interadions can be found in Immundogy, Sfh ed., Mosby 
international Ltd, London, 1998. 
Results 

Mice injected witii GL-67:pCF1CAT complex show significant 
elevations in serum transaminase (ALT, AST) levels as well as a significant 
elevations of IL-6, IL-12, and IFN-y as compared to vehide treated animals, 
in contrast, mice injeded witii.GL-67 complex prepared vntti pGZACAT (a 
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plasmid vector in which the total numtier of CpG motifs has been reduced by 
50% relative to pCFICAT) show serum transaminase (ALT .AST) levels dose 
to those found in vehicle treated animals. These latter animals also show 
nnuch lower serum levels of lL-6, IL-12. and IFN-y than the animals treated 
with GL-67:pCF1CAT complex where the plasmid is unmodffied with respect 
to CpG moti^. These results illustrate that eliminating CpG motifs from the 
plasmid vector reduces both the inflammatory response and the s^temic 
toodctty observed fdiowing systenuc deiiveiy of GL-67:pDNA complex as 
indicated by ^e cytoidne piofHe and serum transaminase levels, respectively. 



Example IS A Procedure for Mininuzkig Uie Plasmid R^kxfH(m Origin 
Region 

The plasmid replication origin region is a significant source of 
immunostimulatoiy CpGs. Therefore, elimination of CpGs in the replication 
origin region should reduce the immunostimulatory effect of a plasmid 
containing this region. However, initial mutagenesis attempte to eliminate 
CpGs destroyed the replication capabilities of the plasmid. 

F^re 17(a) deplete the deletions made to minimize ttie replication 
origin region while preserving the replication properties. The procedure to 
construct tiie minimized plasmid origin region, as shown in Figure 17 (b), is as 
follows: a double-stranded oligodeoxynucleonucfeotide [ODN] created by 
annealir^ tfie following two ODNs: (upper strand) 5- 
c*Httccatagg(^ccgcccccctgacgagcatcacaaaaat-3' and (SEQ. ID, No. 4) 
(lower strand) 5'- 
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(SEQ. ID. 

No. 5) pOri-K-syn was digested with Spli I and Taq I, and then the digestion 
products were separated by agarose gel electrophoresis. The larger 1.6 kb 
fragment was purified and ligated to the annealed ODN to form 
pSKAN+ori571/1 123. This removed sequence flanking the 3' end of the RNA 
II primer. A second double-stranded ODN was created by annealing the 
following two ODNs: 
(upper strand) 5"- 

ctgaagcagcagattacgcgcagaaaaaaaggatctcaagaagatcctttgatelggtao^' (SEQ. 
ID.No.6)and 

(lower strand) 5'-ocagatcaaaggatctb^^iatcctttttttctgcgcgtaate^M9C^ 
3' (SEQ. ID. No. 7) 

pOri-K-syn was digested with AiwN I and Kpn I. The 1 .5 kb fragment was 
purified and Bgated to the annealed ODN to Ibnnn pSKAN-i-cMi384/871 . This 
removed a portion of flie 5' end of the RNA il primer without deleting the RNA 
It {Momoter region. pSKAN+ori571/1 123 was digested with PpaL i and Mfe I, 
and ttien the 1 .3 kb fragment was purified. pSKAN+ori384/871 was digested 
with ApaL I and Mfe I, and then the 250 bp fragment was purified. The 1.3 kb 
fragment and ttie 250 bp fragments were ligated to form pSKAN+ort571/871 . 

Using the procedures outlined above, a CpG eliminated non-vlral 
vector may be consfructed as show In Figure 18. 

Example 16 The Expression of of^al Following fntranasa! and Intravenous 
Admini^tion ofpCFA-HAGA 

To assess ttie stimulatory activity of pCFA-HAGA in vivo, the vector 
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was OOTipieixed cationic Hpki GL-^, then administerBci systemically into 
BALB/c mice using the procedures described above. As shown in Figure 
19(a), the expression level of a-gal was m^sured in the lung and liver, 
respectively. 
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Wedalm: 

1 . A method of reducing a mammal's immunost'muiatory response 
to a composition comprising the step of administering said composition 
wherein said composition ccmiprises: 

at teast one {riasmid 
wherein said at least one plasmid is a plasmid sut>stan1ially devoid of 

CpGs. 

2. A method of redudng a mamn^l's immunostimidatory response 
to a conM;)osition according to daim 1 wherein said pteismid is a DMA plasmid 
and said cationic amphiphiie is a cationic \vfa6. 

3. A method of reducing a mammars immunostimulatory response 
to a compositiQn according to claim 2 wherein said DMA plasmid comprises at 
least one modilted KAN fragment or at least one modified ORI fragment 

4. A method of reducing a mammars Imnuinostinuilatory response 
to a composition according to daim 1 v^erein said IDNA plasmid encodes a 
gene of interest. 

5. A method of reducing a mammal's jmmunostimulab»y response 
to a composition according to claim 4 wherein said gene of interest is ciiosen 
from alpha-galactosidase. Factor VIII, Factor IX, or CF. 

6. A method of redudng a mammal's Immunosftnulatory response 
to a composition according to claim 4 wherein said gene of n^fest is CpG 
altered. 

7. A method of rediK^ing a mammal's Immurtostimulatoiy response 
to a composition acxxtrding to daim 1, furttier comprising the step of 
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administering an agent effective to inhibit CpG signaling. 

8. A mettiod of redudng a mammal's immunostimulatory response 
to a composition according to claim 7, wherein said agent effective to iniiibit 
CpG signaling is ctiosen from monensin, bafilomycin, chloroc|uine, and 
quinacrine. 

9. A metliod of reducing a mammal's immunostimulatory response 
to a plasmid comprising the step of administering said plasmid wherein said 
piasmid comprises: 

at least one replication origin region 
wha^n at least one CpG motif has been removed from said at least 
one rep^icatfon origin region. 

10. A method of reducing a mammal's Immunostlmuiatory response 
to a plasmid according to Claim 9 wAierein said at least one replication or^in 
re^ is substantially devoid of CpGs. 

11. A method of reducing a mammal's immunostimulatory response 
to a viral vector comprising tlie step of administering s^ viral vector wherein 
at least one CpG motif is removed from said viral vector's genome, 

12. A composition comprising 

at least one plasmid substantially devoid of CpGs. 

13. A composition according to claim 1 2, wherein said plasmid is a 
DNA plasmid. 

14. A composition according to claim 12, further comprfeing a 
ca&oracamphiphile. 

16. A composition according to daim 12,wherein said DNA plasmid 
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encodes a gene of interest 

16. A composition according to daim 15 wherein said gene of 
interest is ciK>sen flx»m aipha-galactosrdase, Factor VHI, Factor IX, or CF. 

17. A composition according to claim 12 further comprising an agent 
effective to Inhibit CpG signaling. 

18. A composition according to claim 12, wherein said agent 
effective to inhit)ft CpG signaling is diosen from monensin, bafiiomycin, 
(^ioroqulne, and quinacrlne. 

19. A composition comprising a polynucleotide comfxising the 
nudeob'de sequence of SEQ ID NO:2. 

20. A composlfion aooordir^ to claim 1 9 further comprising a 
cationic an^iphile. 
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CMV PROMOTER (WILD TYPE): 1-612 
HYBRID INTRON (WILD TYPE): 628-1137 

SYNTHETIC HUMAN CAT: 1138-1857 OPEN READING FRAME-START CODON: 1168 

STOPCODON: 1824 

BGH-PolyA(WlLDTYPE): 1858-2057 
Ori(SHORTENED): 2058-2805 

SYNTHETIC KAN: 2806-3763 OPEN READING FRAME-START CODON: 2661 

STOP CODON: 2849 

POLYLINKER: 3764-3788 
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CONSTRUCTION OF MINIMAL REPLICATION ORIGINS 



REPLICATION ORIGIN IN pOrl-K 



AMPUFY MINIMAL ori USING PGR 



Sph I Taq I Alw Nl Kpn I 

l,........l..., 



DIGEST WITH Sph 
ANDTaql,LIGATE 
Sphl-TaqlOLlGO 



pSKAN+ori384/1123 



DIGEST WITH AlwN I 
ANDTaql.LIGATEIN 
AhtfNI-KpntOUGO 



Sph I 



ApaL I AND Mfe I DIGESTION. THEN RELIGATION TO 
COMBINE 5" AND 3' DELETIONS 



Kpn I 



pSKAN+ori511/871 



ALTHOUGH NOT SHOWN FOR CLARITY, THE SYNTHETIC KANAMYCIN 
GENE (SKAN) REGION IS APPENDED TO EACH OF THE ABOVE 
FRAGMENTS 



FIG. 17B 
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EFFICACY OF CURRENT COMPLEXES AFTER IN AND IV DELIVERY 



ALPHA-gal LEVELS FOLLOWING SYSTEMIC 
ADMINISTRATION OF 62:pCFA-HAGA COMPLEX (1:1mM) 
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<110> Genzyme Corporation 

<120> CpG REDUCED PLASMIDS AND VIRAL VECTORS 

<130> 6969.31-13(M 

<140> 

<141> 

<150> 09/392,462 
<151> 1999-09-09 
<150> 60/099.583 
<151> 1998-09-09 
<160> 7 

<170>PatentlnVer.2.1 

<210> 1 
<211>3788 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: CPG deleted synthetic plasmid 
<400>1 

gcatgcctgc aggtcgttac ataa(*ta(^ gteaa^gcc cgcctggctg accgcccaac 60 
gacccccgcc cattgaogtc aataatgacg tatgttccca tagtaacgcc aatagggact 120 
ttccattgac gtcaatgggt ggagtattta cggteaactg cccacttggc agtacatcaa 180 

1 
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gtgtatcata tgccaagtac gccccctatt gacgtcaatg acggtaaatg gcccgcctgg 240 
cattatgccc agtacatgac cttatgggac tttectactt ggcagtacat ctac^tta 300 
gtcatcgda ttacca^gt gatgcggttt tggcagfaca teaatgggcg tggatagcgg 360 
tttgactcac ggggatttcc aagtctccac cccattgacg tcaatgggag tttgttttgg 420 
caccaaaatc aacgggactt tccaaaatgt cglaacaact ccgcccratt gacgca^g 480 
ggcggt^c gtgtacgg^ ggaggtdat ataagcagag ctcgtttagl gaaccgteag 540 
atcgcctgga gacgccatcc acgctgtttt gacctccata gaagacaccg ggaccgatcc 600 
agcctecgga ctcfagagga tccggtactc gaggfcgtga ccgggtgttc c^aaggggg 660 
gctataaaag gggg^gggg cgcgttcgtc cteactctct tccgcatcgc tgtctgcgag 720 
ggccagctgt tgggctcgcg gttgaggaca aacicttcgc ggtctttcca gtactcttgg 780 
atcggaaacc t^b^cctc cgaac^gtac tccgccaccg agggacd^a gcgagtccgc 840 
ategaccgg^ teggaaaacc tctegactgt Igggg^agt actecctctc aaaagcgggc 900 
atgacttctg cgctaagatt gtcagtftcc aaaaacgagg aggatttgaf attcacctgg 960 
cccgcggtga tgct^ag ggtggccgog tccatcfggt cagaaaagac aatcttttfg 1020 
f^gteaagct tgaggig^ caggcttgag atetggccat acacttgagt gacaatgaca 1080 
tccactttgc ctttctctcc acaggtgtcc actcccaggt ccaaccggaa ttgtacccgc 1 140 
ggccgcagat tatcaagtaa tactaccatg gagaagaaga tcactggcta caccacagtg 1200 
gacatcagcc agagccacag gaaggagcac tttgaggcct tecagtctgt ggcccag^c 1260 
acctacaacc agadgtgca gctggacatc actgccttcc tgaagacagt gaagaagaac 1320 
aagcacaagt tctaccctgc cttcatccac atoc^cca ggctga^aa tgcccaccct 1380 
gagttcagga tggccatgaa ggatggggag ctgg^atct gggactc^ gcacccc^c 1440 
tacacagtgt tccatgagca gactgagacc ttcagcagcc tgtggtctga gtaccatgat 1500 
gacttccggc agttcc^ca catctacagc caggatgtgg cctgctatgg ggagaacctg 1560 
gcdacttcc ccaagggctt cattgs^aac atgttcdtig tgte^ccaa cccclgggtg 1620 
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agcttcacx^a gctttgacct gaatgtggcc aacatggaca acttctttgc ccctgtgttc 1680 
accatgggca ^tactacac ccagggggac aaggl^ctga tgccccl^ggc catccaggtg 1740 
caocatgc^ ^tgatgg cttcxia^^ ggcaggatgc tgaatgagct gcagcagtac 1 800 
tgtgatgagt ggcagggggg ggcctgaatt ttttaaggca gttattggtg cggccgcctg 1860 
tgccitctag ttgccagcca tctgttgttt gcccctcccc cgtgccttcc ttgacoctgg 1920 
aagg^ccac tcccactgtc ctttcctaat aaaatgagga aattgcatcg cattgtctga 1980 
gtaggtgtca ttctattctg gggggtgggg tggggcagga cagcaagggg gaggattggg 2040 
aagacaatag caggcatgca gcggtatcag c^c^caaa ggcggtaata cggttatcca 2100 
cagaatcagg ggataacgca ggaaagaaca ^agcaaa aggccagcaa aaggccagga 2160 
accgtaaaaa ggccgcgttg ctggcgtttt tccataggct ccgcccccct gacgagcatc 2220 
acaaaaatcg acgcteaagt cagagg^gc gaaacccgac aggactatea agataccagg 2280 
cgtttccccc ^gaagctec dcgtgcgct ctec^cc gaccctgccg cttaccggat 2340 
acctgtccgc dttctccct tcgggaagcg tggc^cHtc tcatagctca cgctgtaggt 2400 
atctcagttc ggtgtaggtc gttcgctcca agc^ggctg tgtgcacgaa ccccccgttc 2460 
agcccgacxg c^ogcctta tecggtaact atc^tottga gtccaacct^ gtaagacacg 2520 
acttatcgcc actggcagca gccactggta acaggattag cagagcgagg tatgtaggcg 2580 
gtgctacaga gttcttgaag tggtggccia ad:ac^gcta cactagaagg acagtatt^ 2640 
gtatc^gcgc tctgctgaag ccagttacct tcggaaaaag agttggtagc tt^gatccg 2700 
gcaaacaaac caccgctggt agcggtggtt tttttgtttg caagcagcag attacgcgca 2760 
gaaaaaaagg atctcaagaa gatcctt^a tcttttctag gtacctaatg ctdgccagt 2820 
gttacaacca attaaccaat tctgattaga aaaactcatc cagcatcaaa tgaaactgca 2880 
atttattcat atcaggatta tcaataccat atttttgaaa aagtcttttc tgtaatgaag 2940 
gagaaaactc acccaggcag ttcx^agga tggcaagatc ctggtatctg tctgcaattc 3000 
caactcttcc aacatcaata caacctatta atttcccctc atcaaaaafa aggttatcaa 3060 
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gtgagaaatc accatgagtg accactgaat ctggtgagaa tggcaaaagc ttatgcattt 3120 
ctttccagac t^caaca ggccagccat ttclcteatc atcaaaatca ctggcatcaa 3180 
ccaaaccatt attcattctt gaftgggcct gagccagtct aaatactcta tcage^aa 3240 
aaggacaatt acaaacagga atggaatgca atcttctcag gaacactgcc agggcatcaa 3300 
caatatttlc acctgaatca ggatattcAt ctaatacctg gaatgt^gtt ttccct^ga 3360 
tggcag^gt gagtaaccat gcatcatcag gagttdgat aaaatgcttg a^gttggaa 3420 
gaggcataaa ttcagtcagc cagtttagtc tgaccatctc atctgtaaca tcsattggcaa 3480 
cagaacdtt gccatgtttc agaaacaact c^gggcatc tggcttccca tacaatctat 3540 
agattgtggc acctgatigc ccaacattat ctetagccca tfertaccca tataaatcag 3600 
catccatgtt ggaatttaat cttggcctgg agcaagaggt ttctctttga atatggctca 3660 
taacacccct ^tattac^ tttatgtaag cagacagttt tattgttcat gatgatatat 3720 
ttttatc^ tgcaa^taa catcagagat tt^gacac aacaat^gt ttaaacocta 3780 
ggactagt 3788 

<210>2 

<211>3809 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: pGZF-HAGA enzyme annotated 
sequence 

<400>2 

gca^c^ acataactta ^gtaaatgg cctgcdggctgac^ccca atgacccctg 60 
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cccattgatg tcaataatga tgtatgttcc catagtaatg ccaataggga ctttccattg 120 
atgtcaatgg g^gagtatt ta^gtaaac tgcccact^ gcagtacato aagtgtatca 1 80 
tatgccaagt atgcccccta ttgatgtcaa tgatggtaaa tggcctgcct ggcattatgc 240 
ccagtacatg accttatggg actttcctac ttggcagtac atctatgtat tagtcattgc 300 
fattaccatg gtgatgtggt tt^gcagta catcaatggg tg^gatagt ggtttgactc 360 
atggggattt ccaagtctcc accccattga tgtcaatggg agtttgtttt ggcaccaaaa 420 
tcaatgggac tttccaaaat gttgtaacaa ctctgcccca ttgatgcaaa tgggtggtag 480 
gtgtgta^ tgggaggtct atataagcag agcttgttta gtgaactgtc agattgcc^ 540 
gagatcteiga gaaaacctd: tgac^gttaa ggtgagtact ccctctcaaa ag^ggcatg 600 
acttctgtgc taagattgtc agtttccaaa aatgaggagg atttgatatt cacctggcct 660 
gtggtgatgc ctttgagggt ggctgtgtcc atctggtcag aaaagacaat clttt^tig 720 
teaagct^a gglgtggcag gc^agatc ^gccataca cttgaglgac aa^catcc 780 
actttgcctt t(^ctccaca ggtgtccact cccaggtcca actggaattg tacctgaatt 840 
cagccaccat gcagctgagg aaccctgaac tgcaccttgg ctgtgccctg gct(dcaggt 900 
tcf^gccct gg^tcctgg gacattcc^ gagctagagc cttggacaat ggto^gcca 960 
ggacccctac aatggggtgg ctccactggg aaaggtttat gtgcaacttg gattgccaag 1020 
aagagcctga tagctgcatt tctgagaagc tgtttatgga gatggctgag ctgatggtgt 1080 
ctgaaggttg gaaggatgct gggtatgaat atctctgcat tgatgattgt tggatggctc 1140 
ctcagaggga ttclgagggg agactccagg ctgaccccca gagattcccc catggtatca 1200 
gacaactggc caactatgtg cactctaagg gtctgaaact gggcafttat gc^a^^ 1260 
gcaacaagac a^c^ga ttccxr^gcf ctttfggtta ctatgatatt gafgcacaga 1320 
catttgctga ctggggagtt gatcttctca agtttgatgg atgttattgt gatagcctgg 1380 
aaaatctggc tgatggttat aagcacatgt ctctggctci gaacagaaca ggcaggtcca 1440 
ttgtgtactc ttg^aatgg cctctctaca igtggccatt ccagaaaccc aattatacag 1 500 
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agatcaggca atactgcaac cactggagga attttgctga cattgatgat agctggaaaa 1560 
gcattaaatctatto^gac^gacctcctttaateaagaas^aattgtggatgtggdg 1620 
ggcc^gagg a^aatgac cctgacatgc ^gtcattgg caattttggc ctgtcctgga 1680 
accagcaggt gactcagatg gctctctggg ccattatggc tgcaccactc ttcatgtcca 1740 
atgatctcag acacatttcc ccccaggcca aggctdcct gcaagataaa gafgtgattg 1800 
ccafcaacca agateccdg ggaaaacaag gctaccaatt gaggcaggga gataactttg 1860 
aggtgtggga gagaoctctg tctggccHg cttgggctgt tgcaa^atc aacaggcagg 1920 
aaattggagg cccfagaagc tacaccattg ctgtggcttc tctgggcaag ggtg^gcct 1980 
gcaaccctgc c^cttcatc acccagftgc tgcdgttaa gagaaagc^ gggttttatg 2040 
aatggacate cs^gctgagg tcccacatea atcccacagg gacagtgc^ c^caacttg 2100 
aaaacadat gcaaatgtet ctgaaggacc ttctt^aaa atgaaggcct gal^ggccla 2160 
gc^ggcctc ccaatgggcc ctcctcccct ccttgcaccc tg^ccttc^ agt^cra 
catctgt^t ttgcccctcc cctgtgcctt cpttgaccct ggaagglgcc actcccaclg 2280 
tcctttccta ataaaatgag gaaattgcat tgcatigh^ gagteggtgt cattctattc 2340 
tgggggg^g ggtggggcag gacagcaagg gggaggat^ ggaagacaat agcaggcatg 2400 
ctttttccat aggctccgcc cccctgacga gcateacaaa aatcgacgct caagtcagag 2460 
gtggcgaaac ccgacaggac tataaagata ccaggcgttt ccccctggaa gctccctcgt 2520 
gcgctctcct gttccgaccc ^ccgcttac cggatacctg tccgcctttc tcccttcggg 2580 
aagcg^cg clttcteata gctcat^c^ taggtatcto agttcggtgt aggtcgttcg 2640 
ctecaagctg ggctg^c acgaaccccc cgttcagccc gaccgctgcg ccttatccgg 2700 
taaclBtcgt ct^agteca acccggtaag acaoga^^ tcgccadgg cagcagccac 2760 
tgaagcagca gattacgcgc agaaaaaaag gateteaaga agatcctHg atotttteta 2820 
ggtecdaat gctofgccag tgttacaacc aatkiaccaa ttctgattag aaaaiactcat 2880 
ccagcatcaa a^aaactgc aafttattea tatcaggatt ateaatacca taMtgaa 2940 
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aaagtctttt ctgtaatgaa ggagaaaact cacccaggca gttccatagg atggcaagat 3000 
cc^gtatct gte^caatt ccaactcttc csacateaat acaacctatt aatttcccct 3060 
catcaaaaat aaggttatca agtgagaaat caccatgagt gaccactgaa tc^ggtgaga 3120 
atggcaaaag cttatgcatt tctttccaga cttgttcaac aggccagcca tttctctcat 3180 
catcaaaatc actggcatca accaaaccat tatteattct tgattgggcc tgagccagtc 3240 
taaatactct ateagagtta aaaggacaat tacaaacagg aatggaatgc aatcttctoa 3300 
ggaacactgc cagggcatca acaatatttt cacctgaatc aggatattet tctaatacct 3360 
ggaatgc%t tttccctggg atggcagtgg tgagtaacca tgcatcatca ggagttctga 3420 
teiaaatgctt ga^gt^ga agaggcataa atteagfcag ccagtttagt dtgaccaltit 3480 
catctgtaac atcattggca acagaacctt fgccatgttt cagaaacaac tctggggcat 3540 
dggdtocc atacaatcta tagattgtgg cacctgattg cccaacatta tctctagccc 3600 
atttataccc atataaatea gcaiccatgt ^gaafttaa tetlggcctg gagcaagagg 3660 
fttctctttg aatatggctc ataacacccc ttgtattact gtttatgtaa gcagacagtt 3720 
ttattgttca tgafgatata tttttatctt gtgcaalgta acatcagaga ttttgagaca 3780 
caacaattgg tttaaaccct aggactagt 3809 

<210> 3 
<211>39 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Descriptim of Artific'^t Sequence: stability element 
<400>3 
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gc^gggcctc ccaatgggcc ctcctcccct ccttgcaa; 

<210>4 
<211>43 
<212> DMA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: ODN 
<400> 4 

ctttttccat aggctocgcc cccctgacga gcatcacaaa aat 43 

<210> 5 
<21i> 49 
<212> DMA 

<21 3> Artifidal Sequence 
<220> 

<223> Description of ArttRcial Sequence: ODN 
<400>5 

cgatttttgt gatgctcgtc aggggggcgg agcctatgga aaaagcatg 49 

<210> 6 
<211>60 
<212>DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Arfificial Sequence: ODN 
<400> 6 

c^aagcagc agatteK^gog cagaaaaaaa ggatcfcaag aagatccttt gatctggtac 60 

<210> 7 

<211>60 

<212>DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: ODN 
<400>7 

ccagatcaaa ggatcttctt gagatccttt ttttc^cgc gtaat(4gct gcttcagtgg 60. 



